US009112624B2

a2 United States Patent

Morita

US 9,112,624 B2
Aug. 18,2015

(10) Patent No.:
(45) Date of Patent:

(54) TIME DIVISION RECEIVER AND TIME
DIVISION RECEIVING METHOD

............ 370/310, 345; 455/130, 150.1, 196.1,
455/197.1, 197.2, 197.3, 269, 272, 278.1;
375/316, 346

(75) Inventor: Tadashi Morita, Kanagawa (JP) See application file for complete search history.
(73) Assignee: PANASONIC CORPORATION, Osaka ~ ©0) References Cited
(JP) U.S. PATENT DOCUMENTS
(*) Notice:  Subject to any disclaimer, the term of this 7,065,334 B1* 62006 Otakaetal. ... 455/232.1
patent is extended or adjusted under 35 7,592,877 B2*  9/2009 S}_nram1zu etal. 331/57
U.S.C. 154(b) by 219 days 7,877,063 B2* 1/2011 Kimetal. ....cccoevvinennns 455/73
(Continued)
(21) Appl. No.: 13/814,338
FOREIGN PATENT DOCUMENTS
(22) PCT Filed: Dec. 14,2011 p 2006-135814 A 5/2006
(86) PCT No.: PCT/JP2011/006980 OTHER PUBLICATIONS
§371 (©)(1), Izr(l)tgnational Search Report for PCT/JP2011/006980 dated Jan. 17,
(2), (4) Date:  Feb. 5,2013 :
Primary Examiner — Chi H Pham
(87) PCT Pub.No.. W02012/090409 Assistant Examiner — Weibin Huang
PCT Pub. Date: Jul. 5, 2012 (74) Attorney, Agent, or Firm — Pearne & Gordon LLP
65 Prior Publication Dat. 57 ABSTRACT
©5) rior Hiblication Tta Provided are a time division receiver and a time division
US 2013/0136118 Al May 30, 2013 receiving method capable of mitigating leaks between
branches for a time division multiplexed signal for which a
(30) Foreign Application Priority Data plurality of branches have been time-division multiplexed
even when processing using a single high-frequency circuit.
Dec. 28,2010 (JP) .eeoeieieeiiiiiceiiiee 2010-292716 A time division receiver comprises a mixer that down-con-
verts a time-division multiplexed signal resulting from a plu-
(51) Int.CL rality of branch signals being time-division multiplexed, a
HO04J 3/00 (2006.01) demultiplexer that demultiplexes the time-division multi-
HO04B 1/16 (2006.01) plexed signal down-converted by the mixer, into respective
(52) US.CL branch signals; and an initializer that initializes a charge
CPC .. H04J 3/00 (2013.01); HO4B 1/163 (2013.01) remaining in a parasitic capacitance, the parasitic capacitance
(58) Field of Classification Search being generated on a path between the mixer and the demul-
cpC HO4T 3/00: HOAT 3/02: TI04B 1/00: tiplexer, when a first branch signal has passed through the
H04Bl/06 H04B,1/10' H04B; 1/16: H04Bi path, before a second branch signal passes through the path.
1/163 7 Claims, 34 Drawing Sheets
100A
fy W0 130-1 g
FIRST BRANCH 170-1 1201 - FIRST BRANCH
{ ] 1801 f
WvE
112 182
SECOND BRANGH—— O x 1901 S0 o
150 16w e L
Swi sz | FEVERSED PHASE SOMM e | swt sw2
SWe
e N
170-2 120-2 {1 s FRST BRANCH
{ 180-2
MIER 182
SW1 SW2 SWe LO» o T pAaAsmc:L\’wo_z ST 5500 BRANGH
CONTROL SIGNAL - OAPACMNC% ‘i
SWi SW2

GENERATING GIRCUIT




US 9,112,624 B2
Page 2

(56) References Cited 2006/0099925 Al* 5/2006 Tsaietal. .............. 455/272
2010/0173601 Al* 7/2010 Beamishetal. ... 455/326
U.S. PATENT DOCUMENTS

2003/0035499 Al* 2/2003 Staszewskietal. ........... 375/346 * cited by examiner



US 9,112,624 B2

Sheet 1 of 34

Aug. 18, 2015

U.S. Patent

1 Ol
LINDHE) ML g aNAD
"YNDIS TOHLNOD
o
Obi Aw H j
v
407 TMS IMS
TMS LMS ZMS IMS
L |
Y
HONYE QNOO3S 0 H O HONYYE ONDO3S
1 TR
et < U :
HONVYE 1S Ttib\oﬁ o o/mﬁ HONYHE 1SHH
pus 0zt BN
L. ;
et oel ot



U.S. Patent Aug. 18, 2015 Sheet 2 of 34 US 9,112,624 B2

FIG. 2




US 9,112,624 B2

Sheet 3 of 34

Aug. 18, 2015

U.S. Patent

T
vor! ,;.‘ |

LINDELS ONILYHENGD
TYNDIS T0HLKOD

Lo

907 9IMS TMS IMS

GMS EMS

L

£ "Dl
TMS LMS
| H ey
Y
HONYYHE NOD3S < %
Nmﬂuo
% —— 3 L ,
2081 i
—~ 4
HONVYE 18 <] 2-0Z1 Z-0L1
Ly
el Z-081
UNH.,.W
NOLLO3S DHIZITYLLIN | HouoI DD
ZNS LIS TOUYHO TYNGISTY ! TNOIS 3SVH4-(ESHaATY
H mOl_ L
—~ o~
091 H &1 ﬁ
HONYYHS ONODIS +——
~+
¢l < - REY )¢ S PR
%\o. 1-081 /
~—— IS
HONYHE 1SY <—— 1-0Z1 1-0L1
Loy
Ll 1-0g1
VODT

Ot

——— HONYY3 GN0JTS

—— HONVY9 13¥l4



U.S. Patent

Aug. 18, 2015

Sheet 4 of 34

FIG. 4

US 9,112,624 B2



US 9,112,624 B2

Sheet 5 of 34

Aug. 18, 2015

U.S. Patent

¢ "DId
HINOHID DNLLVEIND *
ZMS LMS TYNDIS TOHENGOD _
H | oo 0 ~
A4 L Alisvdvd vorl
HONVEE QNOO3S 10 Nuoﬁ)trﬁ L 07 9MS ZMS IMS
et < - . P S D —
Z-081 A\
HONYE LS4 +— 2071 Z-0L1
Lel 0
Z-08 1
ON.H»W
NOLLSIS ONIZITVLIN NOELSFS DN YYINSD IS IMS
N}Mm w?).w TORYHY RS TYNBIS 35YHA-G35HAAN _
401 H _
~ JONY LYY ~ A ,
H 081 * BlLISYav _ 051 *
HONVES OH003S «—0 061 ._r ¥ - HONY4S QHOD3S
zel | o> Y3 - e
1081 /
~ \ HONYE 18414
HONYHE [SHId 4 1071 [~0L 1 ~
L/ T
gl = Ay
1-08t 0t

VOOT



US 9,112,624 B2

Sheet 6 of 34

Aug. 18, 2015

U.S. Patent

9 "Oid

TONYLOYAYD <0

AllISYad |

2-061 |
n _ P I

7-091
-
7071
srf\w\o e M8
o

pr TONYLIOYAYD ‘01

09 DSV .
1-061 ™~ !

H

ER A E—

A

7
[~0B1

1-0Z 1



U.S. Patent Aug. 18, 2015 Sheet 7 of 34 US 9,112,624 B2
RESIDUAL CHARGE A
(NORMALPHASE) |,
—»  TIME
FIG. 7 resousLonanee 4
(REVERSED PHASE) -« oemmm oo oeeecem e
> TME
INTERDIFFERENTIAL SHORT-GIRGUITING
RESIDUAL CHARGE 4 )
NORMALPHASE) b f
FIRST BRANCH i ismomo BRANCH > T
FIG. 8 RESIDUAL CHARGE -
E A ' 1
t | RESIDUAL GHARGES INITIALIZED
(REVERSED PHASE) o
- > TIME
FIRSTBRANCH | SECOND BRANGH
RESIDUAL CHARGE 4 f RESIDUAL CHARGE
{NORMAL PHASE)
: > TIME
FIRST BRANGH § SECOND BRANCH
FIG. 9 E
RESIDUAL CHARGE A ;
(REVERSED PHASE) E
> TIME

FIRST BRANCH  SEGOND BRANCH



US 9,112,624 B2

Sheet 8 of 34

Aug. 18, 2015

U.S. Patent

Gl Ol4 UN0KI0 ONLYERNED |
RIS TOUNGD |
L
vov L H % & H
407 OMS ZMS IMS
IMS IMS IMS IMS
B |
¥ NOLLH3S
b s ONLLYHINID TYAOIS
~ - VH-ISUINDY
Zel \ gil <
« - N R DR ol
7081 ,.\ NOILO3S
- ~ « SNILYNINGD TYNDIS
A e-0et ¢-0L1 ~ SYHA-CISHIAN
1€l r.\wlam_. NIQFM!\ 23 A K\JD
OMS 1051
NOLLOZS DNIZIVLLIN
TS IMS | a0 nasay CNS LS
I - N
Yo 09} —
DI ,ﬁ O HONVHE ONODES
.l I T
ot « - T PR
j~02] )
- — ( < HONVYE 4S8
g 1071 1-0L1 N
L P
ted 1-0g] 1011 HH
qo6T



US 9,112,624 B2

Sheet 9 of 34

Aug. 18, 2015

U.S. Patent

LA0UID DNJLYYINID
TYHDIS TOULNOGD

P
a0} %

T ]

1{ "Oid
ZMS 1MS
|y
HONWIE ONDOTS €t @
P
¢el u e I
a =
— X
HONYYY LSHd Ai...\m\ 2071 o-0L1
ey
Hel 7-081
U?mew
¥
NOLLO3S ONIZIIVIN
CMS IMS | 3000 wnaisy
h - €01
ol k
HONVEE ONOO3S 10
ctl < ey SR I S
uu\n 1-081 /
T
HONYEE LU < 1-0Z1 1-0L1
o Sy
Hel I-og1

m
,nf
NOT 90T PMS ZMS IMS

— HONY4E GNOU3S

HONYHE L84l



US 9,112,624 B2

Sheet 10 of 34

Aug. 18, 2015

U.S. Patent

AL HINGHIO SNLLYHINTD
TYNDIS TOMLNOD
L
wi T T 1]
907 OMS TMS IMS
ZMS IMS Ng_w LMS
M | <01 | H
v % X
) “WNDIS 3SYHA-GISHIATY
HONYES TNOO3S <~ RN HONYHS ONOD3S
[di « - iy ([ S PR gl
¢-081 - x ) TYNOIS 38VHd-03SHIAT
HONYHY 1SHH Ai,ﬂ P, 7-07 1 -0l e, HOtwHE 13Ul
1€l 2 o~ P11
- -0l
2-08} oms
i
v
NOILOFS DNIZFVLLIN
NS S | goyy0 ais: CMS IMS
L] I
091
o TNDIS 35YHA-TVIRION
HONYE ONODIS «— 4 NN HONYHS QNOOTS
¢el O — =N e ot
1-081 w WNDIS
. - . . YNDIS FaYHG-TYION
HONYHE LSHH R 1~0Z1 1-0L1 N HONYSS LSl
(el = ~ L
1-0€ | i-0LL
aoort



US 9,112,624 B2

Sheet 11 of 34

Aug. 18, 2015

U.S. Patent

H
H

UNOHIS SNLLYYINGD
TYNDES TOUINGD

mo&,c@ !

NOT 407 oMS TMS IMS

i

¥

i

¥

H

Sl Ol
IS IMS IMS LMS
|l 01 L
HONYHE GNODIS < N
| \e% & [/)
6ol < o N e el
-081L m
oy <
HONVE 1St +—— 2071 Z-0L1 N
let 2 I
Z-0¢1 o>_}w [
¥
NOLLOS SNIZIIVLLI
NJW @sm F0UYHO TYOQISTY SMS IS
307 4_<
praws
¥ 081 ,w .
HONYYE QNOOTS <=0 N
" of«:
zel . - TE V(TR P a—
1-08} / o/>
e \ <
HONYE L8814 <+ 1-071 1-0L1 N
1el ~ T
1081 -0l
T06T

HONVHE GNODIS

HONYYE 1SHH



US 9,112,624 B2

Sheet 12 of 34

Aug. 18, 2015

U.S. Patent

Pl OIld
Ugw
NQLLOTS DNIZTTYLLN LIN0HI0 DNLLYANGD
N_jw LMS JOMYHO TYNCISH TYHOIS TOHLINOD
| ._, — 207 ~ _ W _
Y Z-Gi2 m vorl ,& H vy
HONYE QNOD3S 0 L Y07 OMS TMS IMS
2€1 P — EERA] <
z-08) v
-y 4
HONYS (53 < 2-02) 2-0L 1
el “Z-081
O%Hpm
TOIES
£y
ZMS IMS zmwwm&_%%%mz DNLLVAENTD TWRDIS | ZMS IMS
; [ ‘o1 3ISVHA-GISHIARY _ _.
1 \l.r\ o i
Y v oz H ol ] ¥
HONYHE ONOO3S «— 10 RN,
zel "y . e A1)
1-081 / o/
e 5
HONYH ASKld <+ 1-071 ~0L1 N
(el 3 T
|-0g1 I0TA 0tl

e HONYHE NOOES

e HONYJE 1Sl



US 9,112,624 B2

Sheet 13 of 34

Aug. 18, 2015

U.S. Patent

AIN0HID DAELYYINGD
TYNDIS T0dLHaD

w1 ]

4077 OMS ZMS IMS

TMS 1MS

|

N

gL D4
O\M‘.m
NOILY3S SNIZIVLLIN
TMS IMS 1 3ouvho YnaisH
| — \* Sy Q1
Yoy 2-012 DSV ,M
HONYYE ONODES <0 Nuom?ﬁbﬂ 2
¢el » , . e
o )
2-081 /
. Py |
HONYB 19414 «— 071 - or1
Sy
el 7-081
Umﬂw
. _. NOILO3S
HOLLFS DNIZIVILN
TMS IMS | o TS ONLLYSINZD TYNDIS
h 4_ - 35VHd-0ISHIAN
e b,
-0z i |
HONYHE ONODES *—ri-O 1-06) ™
251 |
< — ‘ WO e
1-081 x
HONYE L5 < e e
=
L+ r-0g1 _

<
<2
o

HONYYE ONGO3S
™

GEL

e HONYHH LYl
r./

o,
oLl

LEE



US 9,112,624 B2

Sheet 14 of 34

Aug. 18, 2015

U.S. Patent

91 Oid
1
LLZ ™
19 _\/k\Mr «— OMS
o
7
@01z~ (Z-061) ER
TST/\H

407

h

7
(¢~081)1~081

BN

-7
(T~0Z1)1-021




US 9,112,624 B2

Sheet 15 of 34

Aug. 18, 2015

U.S. Patent

L1 DI
LIDHID SHELYENTD TYNDIS TONLNOD
e
pge b _ ; T
ZZMS LZMS ZIMS 1IMS90T8S 2S 1S 0S
wawa &ﬂw Zl Msm { d‘sm
|
AT 258 YeS 20l 786 22
. ey ,r.}%'m [
gn—— 42 UO=— uD
£Ge VW\Em e 1ES l_o‘
£y
7IMS 1TMS e - e N:_sm LLMS
_ _ & |
_. H 5S¢ 08¢ ﬁ_ﬁ .
HONYYE NOOZS «—+0 ; o\u? HONYYE QNGO
1 ¥ , Sy
et ‘ 408 |« STIAYS e VL e ol
HONVYE LSHI4 Tté\o ove 1 aze 018 HONYYE LSHLd
\.I.\ NW\(DW |B).
et T3 ~ T
el o1l
[



U.S. Patent Aug. 18, 2015 Sheet 16 of 34 US 9,112,624 B2

1 3
+ 5
1 1
3 3
L—q‘
|
'
v '
3 |
b '
v '
3 3
I3 ]
H 1
i i
1 1
1
1
H
i
1
1
i
1
1
1
3
13
+
1
+
+
b
'
e
1
1
1
I
' |
|
1
1
1
|
1
L
I r
3
]
)
1
1

T8

T7

1
1
1
1
1
1
1
Il
1
Il
1
1
Il
I
T
+
r
i
1 t
1 T
T
T
T
T
[}
1
'
[l
1
1
1
1
1
|
1
3
E
H
H
2
I
1
:
1
4
Il
4
1
4
1
1
4+
+
t
t
i
t
b
b
3

1 Ts i
1

FIG. 18

T4

T3

'
'
4
'
'
‘
1
|
|
|
'
|
:
5
1
1
1
1
1
1
1
1
1
1
1
1
+
+
¥
3
+
3
v
v
v
v
v
o
v
i
v
3
1
‘
]
1
1
1
1
I
]
I
1
'
|

T1

TO

S0
S1
32
33
SW11
Swiz
Sw21
SW22



U.S. Patent Aug. 18, 2015 Sheet 17 of 34 US 9,112,624 B2

§
g
: % 19 5
E’m[ [gﬁ“‘g— gmﬂzgﬁ@— %-{ § o 7 %[%ﬁﬁ o
L L 1 L g
o jg 3 fg 7 jg o jg L
s . i L
SRR

g

i
,f"\j
)
430
N
441
S

S0
-
1

St
.
E"‘“““‘I

C

S2
-
T

G

83
1
1

IHPUT sty



US 9,112,624 B2

Sheet 18 of 34

Aug. 18, 2015

U.S. Patent

0¢ i
N LINOHIO BNLLYHINGS TNDIS TOHINGD
e IR R A A A AN
IINS 1ZMS ZIMS LIMS 1OMS ¢ 1ZMS § | IMS 9071 £S5 25 5 08
| ,ﬁ .H m ZOMS  TIMS TIMS
NS LZMS L ¥
NOLLOS TRIRES
H ﬁ HOUOVYD | HOLIO¥AO 407
Moy | 434408 7-0ce AHOLSH 7 088 %
aMmoo3s 1 NOLLOES
zel
« — 428 1« —— YTIYS e DNLLYHINGD TYHOIS
088 L— 2068 — IYHA-TISIARY
HONVYE - ¢ e-0pf ] 7-0z¢ %
1544 —~ £5~0% DGl
1g1 =
7-081
NOT1 538 BNIZT VLN NOLLOS SNIZFWILLIN
JoUYHO TYNaIST [¢ ¢OMS IHYHO Tynaiszy [€ FOMS
: —
i NNMsw Ewﬁ s N%m :Msm
. v
TIMS 1ZMS ToIRER TS N:sw Esm
_. H HOLIOVAYD HOLOY YD 4Oy
Hovss | ¥344n8 Doge MOISH [ e _. HONYHE
mooxs <P (NDOIS
ot < . 105 e — VTS el VL I«
068 |-DBE
— et
HONvd - -ore. 1 |-Gz¢ o1'e x%ém
BR-ICR £6~0% Ins/\1ﬁj|
p ] e
Lel 1~051 VO0E ol



U.S. Patent Aug. 18, 2015 Sheet 19 of 34 US 9,112,624 B2

o3
o0
=
........... U Sevee SSNSSRUNE NN souudSUNNRRNON WSUVSH UUOUUNUURSN S
-
’_
w0
|_
i
;.....
e Ny R Y TR JUNTY P SO AU S l _________
=t
l_
o0
|__
o
;.@...
-
o
-~
“ P
2 o b B = o S = S S
= = = = = =
(e} v 2] (7} [¥p] wy

FIG.21



US 9,112,624 B2

Sheet 20 of 34

Aug. 18, 2015

U.S. Patent

HoNvdE
JNOOIS

HONVEa
1541

[AARI]E:
» 1INOHID DNELYHINTD TYNDIS TOHENDD
v04E :
| ;
R
ZIMS 1IMS ZIMS LIMS ¥ 19MS ¥ LZMS ¢ LIMS 5071 £ 7S 1S 08
H H | P ZOMS  2ZMS  ZLMS
COMS 1EMS TGRS TTGES
H H YO 0D O LYY 20
[t — —y
Iwzém Jo | NS [P 46| MOISH [ Toe H
Qéﬁwmﬂ | 5208t Pose NOLLO3S
o $ 2 405 |« \ S S— HTTARYS e DNLIYYINTD TYNDIS
=068 7-068 ISYH-0IHINM
et ld
HONVEE - 1 2t 1 2-028 7
A1 R 05 ~08 041
1§l =
7-0%1
NOLLOS ONIZTTWLLING NOLLO3S DNETLLING
I0uvHO WNaIsAY [ ¢OMS I0uYHD Tynasay [€ FOMS
i pruars
v NNH% aw,m o N%w :mﬁm
4
NJ% LS TTRES TGRS TLMS LIMS
Y MOV | | H0L0vAYD 407 H ﬁ
. 7 Sy
HONYNE o M\W 83440 108E M\W P AMOLSH oee w |
ODTS ﬁ) 17, ~
Zel £-08¢ 1-08¢ ! A%
« —= 408 i« ‘ e S el Vi le
—06 R = 7 N
HONYEE | |-OPE |-0Z6 o1e o —
EWESW _ £5~0S — ,(_):
i 1202} e o1l F



US 9,112,624 B2

Sheet 21 of 34

Aug. 18, 2015

U.S. Patent

£¢ Old » LINOHI0 SNILYINED OIS TOHLNOD
V09E _
Viv L s vv ey
19MS ¢ 1ZMS v 11MS 9016523 1S 08
NNH% EH% S_M% LS IOMS  ZIMS  2IMS
v
Nwﬁm HEMS WOLLO35 NOLLO3S ﬁﬁw HNS 7-081
{ o i -,
4 o | o L
MO el _ ¢-0se Nlmmi « ONLLYAENIS WNDIS
WOOES | S AR YHA-CASHIARY
ol « S— 408 |« bl WIS lef VL L x
p-0BE L A — - ROILo3S
xmﬁwm - eore | 2-0¢e8 2-0lg Ot — DNLIVHIND TVNDIS
i}rq £S~0S eyt | 3SYHA-03SUA
z-0¢1 N |
NOLLOZS DNV NOLLES DNz ML
FouvHo iy | ¢OMS 3uvHo Wnasy [€ 1OMS
\fr\ ot
S wasm FNH% o ﬁwﬁ :H‘,,m
ZTMS LIMS TR TOTES ZIMS LIMS
| H HOLOVAYD | WOIDYED | Q] I
HONYHY “p 43 "o AGOLSH ~gee « HONYYHE
MNOIS 5 aNOO3S
e « - 408 e bl HTINYS e VL e '
£~06¢ 5 I-068 : =
KONV | -ofg 1 g8 1-0if O HONYug
[E TRy, £5~0S N 1593
gl S i ~ )
I-0£1 H00% 1-0f1



US 9,112,624 B2

Sheet 22 of 34

Aug. 18, 2015

U.S. Patent

¥é¢ DI
LINGHIO DNLIVEINTD TYNBIS TOHINGD
900¢ & i
| A A A AN A
ZIMS LZMS ZIMS LIMS LOMS ¢ LZMS ¥ LIMSNOTE0T S 2S 1S 08
H _, 9 P TOMS  TIZMS  TIMS
GIMS 12Ms TIRES LGRS
4 e N HOLOYYO | No
HONYEE o ¥344n8 Zocp ROLSH 2 0ce ﬁ
NODES b
otl < — 405 e — YIS |
¥-06¢ 5 7-06¢ —
Iwﬁmm_ Pul 0P8 2028
: ~ £5~08
Ny
iel 708t
NOLLOS BNIZFVLI NOLLYES SNIZTMALIN
UV TNaIsTs [€ COMS PuyHD TYAdSTy € HOMS
P oty
e oie Nm%m &Hsm s SM% :wsm
Nwﬁm &M}w NOILOE NGILT3S N%m :ﬁa
HOLIOV YD HOLIOYAYO 90T
HONRIE | ¥344na /\_.vomw RA0LSH f\ruomm @ | HONvyS
moozs —F IS
cel « — 1405 ¢ — HTIHYS e VL | e
£-068 = 1-068 7 7 h
HONVHE 1-ofs | 1~0Z¢ 0lg Qe ol
1894 €S 03 - 15414
1l = ~7 g
1-0g1 SO ol



US 9,112,624 B2

Sheet 23 of 34

Aug. 18, 2015

U.S. Patent

JINJHIT ONIEYHINID TYNDIS T0HINOD

G2 Old
w09
m
N
LIMS § LZMS
mmﬂa &H&m Eﬁ,m :ﬁa TOMS  ZIMS  TIMS
TIMS 1TMS TR TR ILMS LIMS
h ﬁ HOLIYdYO HOL1YdYD 401 k %
" e,
HONYAE “p N e AJOLSH Némme
movs A -
<t < — 408 e b UTS ] VL e
06 Z-068
I oy 7
HONVHE - | e z-02¢ 70t Qe
el Z~0e1 2011 b
NOLLD3S ONIZL VILIN NOLLD3S ONEZITYLLINI
JO¥VHD TWnais3y [€ ¢S VR WNas [© HOMS
ey Py
olE N%m J‘sm T ﬁmc‘,m :H%
h 4
2IMS aﬂ\,m TR TTGEN TIMS LIMS
H Y Houovevo | BOUOVYD | 407 H H
HONVE | H344n8 (05T AHOLSH TommH
anooss 1 Ny
ol D S 405 |« b TS e VI e e
‘ £-06¢ — |~08E . —
HONIE 1-0pE 1028 1-0f¢ e
1 £S~03 LS
Lel = S ~ T}
1-08 1 qoog 011

bivdy

LLMS 90T €S 2S 1S 0S

TYNSIS ISYHA-OISHIATY

HONYYE QHOQ3S

TNOIS 38YHG-03SHIAH

HONYEE 1SHId

TYNDIS FSYHI-TVIHON
HOMYHE NOO3S

TYNDIS ASYHA-TYINHON
HONYHE 15Ul




US 9,112,624 B2

Sheet 24 of 34

Aug. 18, 2015

U.S. Patent

Ty

LZMS 4 HIMSNOT 90T €8 25 15 08

9¢ "Vl HNOHED DNLLYRENZD TYNDIS 08 LNGD
809¢ m
AR A
¥ 19OMS
Nmﬂw _NHsm EM\& :H&m ZOMS  ZZMS  ZTIMS
TS aﬂsm TR TOTRER w:_sm LIMS
H ) HOLOYRYO | golvdvo | o7 v ﬁ
™, ]
MOOIS | N
78l 2L
« u¢ o 408 i« s YIS ] VL L
B fad - o e
HONvHE | 2-0b8 | 2-028 2-01¢ e
SIS — £5~0S - {J
Lk 708 2001 Hi
NOLLO3S DNIZYLLNI NOLLO3S DNIZTTVLIN
TuvHy WS [€ OOMS IUYHO WRaST [¢ FOMS
prw ;
s Smﬁ Emsw N ﬁ@w :_w..ﬁ
‘ y
2INS 1TMS TR TOTES ZIMS E_sm
e e HOLIOYdYD f HOLIOV YD 4O e i
- S
HONYYE oo 431409 s AHOLSH Tomm4_‘ -
amoDIS H NN
el il
)\On e . 408 |« —— HT1AYS e VYL e
£-06¢ 1 ~06E - .
HOE ol o -obs 1 1-028 (-olg <
ASd £S5 ~08 =
1el S T
E-0%1 058 011

HONYYE
aNOTHS

HONYHE
1841



US 9,112,624 B2

Sheet 25 of 34

Aug. 18, 2015

U.S. Patent

YAyl

HONYYE
NOD3S

HONYHE
154

L¢ O "y LINOMID DNLLYHINTD TYNOIS TOHENDD
VO9E H ﬁ
NOLLOTS ONIZITYILIN NOLLOFS DNZFVILIN m Y
I0UVHO NIy [€ EOMS VKO Tnas [ HOMS 1 1oms | 1S 4 1S <01 £5 2 16 08
P
roGe Nwmﬁ jﬁm 2075 | Nd‘sm :H% TOMS ZEZMS ZIMS
' A4
CEMS LTS TGES NOLLDZS
H h YOLOYdYD | HOLOYAYD | 401
st
%8&&% _ NOI103S
e 408 —— YTIARYS e BNILVEINID TVNDIS
, P06 2-06¢ ISVHA-03SHIATY
Hokvag | 2-0be a z-0¢¢ ~ A
s £S5 ~08 061
Lt Ziog1
NCI103S ONIZITYLLIN ROLLO3S BNIZI VLI
IuvHO Tvnaisy [ 6OMS IuvHD iCisTy [ HOMS
; =
o Nwﬁﬁm _Nw,m ofd mrmsm :ﬂ% —
¥ : v v
ZZMS _Nﬂm TR TR ZIMS 11MS
H U BOLOYRVD | HOLOVYD | 60 H e
NODIS m y .
ek ) _ 408 | . HTIAHYS e Vi et
£-068 1068
Py 7 ~
Hovee | 1058 | 0zt 01g et
i Y £5~03 i
N,
et i-og1 ol M
o008




US 9,112,624 B2

Sheet 26 of 34

Aug. 18, 2015

U.S. Patent

HONYHS
JNOOTS

HONvdd
1844

—

et L 4

>

J:@_

8¢ DId
N LIAONID DNLLYHINTD TYNDIS TORINOD
NN
ZZMS IZMS ZIMS LIMSHE0T ¢S 28 S 08
N»H\,m :,wsm
VEL 2788
! N
;olrn :ol_l
£ee LEC
Y,
TTMS 1TMS @ Y ZIMS LIMS
. L
. 0ce & HONYYS
pay L aNo93s
el e 405 ¢ TIOYS el VL led ¢
. ~d ;_, o HONYHE
) 414N Qlg O—
\11|...4ﬂz\.ui._ £8~0S - }H:. 1544
Let ot o1l
008




US 9,112,624 B2

Sheet 27 of 34

Aug. 18, 2015

U.S. Patent

HONYHE
R

HONYYE
15ul4

HONHE
o3

HONYHH
15uid

(4%

o

-

-

-

-

6¢ Ol N LINDHIO BNLLYSINGD TYNDIS TOHINGO _
V09 e
FAEEREEEEY
ZIMS 1IMS v 1OMS § 1ZMS § LIMS 01 £S 28 1S 08
e F Nugw ZZMS  ZLMS
CEMS LTMS IRER
L HOLIDYdYD a0y
5 AHOISH H
i -il\.rf
28] : Z-0E¢ A IBER
. < - 493 i« T ONLLYSINED TYNOIS
7068 b 2068 - 39 YHA-CISHIN
z-ofe 1 2028 =
e £5~08 08l
. 7081
z-018
NOLLD3S DNIZIYLLNI NOLLOAS INIZTTVILIN
IUHI TWROIS3E [ EOMS Inumn wnaissy [¢ OMS
P Py H
7-00% 1-0L% s :M\,ﬁm |L
)
TIMS 1TMS s TS LIS
H @ HOLIVdYD 20 @ v
RUOLSH w HONYAS
zel hoes ’ 3, TOF
< e 408 |« = HTTENYS e VL e
a A Y - 7 —— .
1-0be | |-gze ole | HOWwag
L £S~08 1544
£l ) ~ Lt
T 1-081 oLk
1-019 VG0




US 9,112,624 B2

Sheet 28 of 34

Aug. 18, 2015

U.S. Patent

d0¢ Ol

ey

T

TYNDIS ONISYTTY

J

/ ﬁ
TYNDIS DNISYITY i
xé

P ™,

e =AU

THIDIS G2IS30

V0t Old

TYNDIS DNISYIY

“TYNBIS DNISYITY

EeN

TNDIS 0RSIA




US 9,112,624 B2

Sheet 29 of 34

Aug. 18, 2015

U.S. Patent

HONYHE
(NCO3S

HONY4E
184l

HONYHE
aNOOHS

HONVEE
R

1€ "4 . LINGHIS DNILYHINTD TYNTIS TOHINGD
Y09t
ERERREEIEY
19MS v LZMS v LIMS 90TES 28 1508
N:_ﬁm Emsw 7OMS  ZIMS  EIMS
L b 4 A4
90 HoLovdYy | d “ T
e | NOISH | ' - NOLLOSS
< b 0 H ~ ONLLYHINGD TNDIS
et 08¢ )\ofw L I9VHA-035U3ATY
< —| 405 |« . HTTYS fef VI e L3
v-06¢ L q 7068 o s NOILO3S
T N;Qmmm o 7028 7-01% ] DHILYHINID TWNDIS
s ~ bt ISVHI-(ESE I
q9 LE} R " ey
-0t Z-0LE L1
Y N 1-051
Z-019
NOILOTS DNIZITVILIN NOLLOTS DNEZTTYILIN
2OuvH0 Tnaisad [€ 6°MS | znuvio vnaszy [ FOMS
Z-0L8 1-0L8
mz_gm :»“sm
L 4 ¥
a0 H & HO0YdYD 4057 ,_q & :
_|zie . AOLSH H ~ . HONvag
7ol | -8 Lm\c T Ao
< v 405 € 7 UTHYS e VL e
£-~068 - 1-06¢ —, .
« ' 058 | 1-068  1-0lE as HONS
119 H . £80%8 - 1S4
40 & ol otr MM
M ) —
=1 1-019 G009




US 9,112,624 B2

Sheet 30 of 34

Aug. 18, 2015

U.S. Patent

HONvaE
IINE LS

HONVYE
15414

HONYYE
NOD3S

HONYHE
15akd

AINDHI0 DNLEYHINID TYNDIS TOUINGD

e "Old
\lf‘.\\ -
g00¢ @ ,_q
TIMS 1EMS Esi _Nzw LMSNO1901 68 2
w ._‘ ZOMS  ZZMS  ZIMS
TIMS  LIMS TRTRER
H e HOLIGYAYD MO
Em % AHOLSIH _
- UU — !
. Z-0%E Y
zel . o 408 I« | TS e
y-062 L Z-0B8 5
< -0Fe z-02%
g T £8~08
W= 208!
S 2019
NOLLO3S DNIZTIYLLIN NOLLOZS ONIZITYLLINE
TouvHO s 1€ ZMS| Jowvko wnaisay [€ HOMS
Pt Py
7-01% 1-028 IMS :H,,,m
¥ Nm.msm FNH% YOIRES
90 v | HOLIOYAYD 40
219 _ AHOLSH m
< . e
'S 1-08§ y
¢t ] 308 e | TINS led] VL
£-06t L 1-068 ey 7
“T7igt y i—ofe 1 1076 ors”
= £8 ~0S
qo - | 1el =
L 1081 T
1~019

Ny

CIMS 1IMS

LEl

HOMvda
(NOT3S

HOMYHE
15HH



US 9,112,624 B2

Sheet 31 of 34

Aug. 18, 2015

U.S. Patent

HONY43
QHOO33

Hokvdd
18M13

HONYYE
aNGI3S

HINVAE
154

LINDYID DHILYHINTD TYNDIS T0HINOD

c¢ DI o
Vi T
EAR
LOMS v 1ZMS
NFH% :w)m TOMS  ZZMS  TIMS
4 ZZMS &msw TIRES ZIMS LIMS
99 7= e 3 HOUOYAYS | 9O k H
_1zlo - AOISH _M «
fT 2-08E " 211
< | 408 le = UTAYS e VL |«
y~088 Ly 2068 — —

< . z-0b5 | z-02¢ Z-0i€ o~
e A £S~0S N
90 1€l e T

T s Z-081 201
| 2-019
NOLLOZS BNIZIVALIN] [ NOLD3S BNIZIWILNI
206vH0 s [©EPMS| o wnosay [ HOMS
et ot
2-0LE 1-0L€ JIMS LIMS
4 7IMS 1ZMS d_‘zoﬁaw ZIMS 1IMS
: |
R H H HOLOYAYD | <0 ﬁ ¥

g - A¥OLSH m J

e - Vaud ?\

i T h-088 v T
“ - 405 |« s WIS ] V1 |«
¢-06¢ L, f LD —— —

« . {-0bE 1028 |-gig ot
:/m)H ~ £5~08 K
90 tel p TR

Mﬂ o 1-0€1 F~01 1
= 11019 anos

YNy

H FLMS 90T 85 2S 1S 08

TYNDIS 3SYHA-03SHINH
HINYYE ONGJ3S

TYNDIES JSYHA-CSHAARY
HONYYE 1813

TAHDIS 36YHd-TYHIHON
HONV4E GNOOS

TYNEIS 35YHd-TVRHEON
HONVHE LSYH



US 9,112,624 B2

Sheet 32 of 34

Aug. 18, 2015

U.S. Patent

HINvHE
(NC33S

HOvda
154

HONYYE
e

HONY4E
15HH

HONY4A
O3S

HOMWYHE
1844

#£ 'Ol LNOHID DNILYHINID TYNDIS TOHLNGD
9098 m
H ! H Ve v v bl
LOMS § 1ZMS + FIMSHOTS0 €82S 1S 08
ﬁﬁ,@ :H\,m ZOMS  ZZM3  EIMS
ﬁ TIMS 1ZMS TTRER ZIMS 1IMS
40 Vo wolovdw | Mo P
A A - JIOLSH -
« - \.VL \}.\\ -
2l | eee 21l
O ——1 408 I« s YIRS e VL e
Twmwmm 1 o 056 7ol
“Thng ~ T es~08 NS
Q/WVﬁ el A ~ L4
=) 081 Z-0lt
W | 2019
NOLLDFS DNIZIYILIN HOLLO3S DNIZE VLN
WD TYnasRy (M gouvo woaism [ LOMS
7-008 1078
Nwﬁm :M%
% ZTMS 1ZMS TRE ZIMS LIMS
99 H e HoUOYdVD | 20M H &
| o ! AH0LSH % -
2ol | 1-0ee b\»; 21
“ -——— J0S [« —— HIIEYS | VL e
£-06¢ 7W|L 1-06E — .
< i-avg 1 (028 1-0L¢ Qs
LY ~ £S5 ~08 -
0= lEl “iogl 01T Lh
Foh =009
W -019




US 9,112,624 B2

Sheet 33 of 34

Aug. 18, 2015

U.S. Patent

HOWYYE

anonas

HOMAYYE

&

151

HONVE

QHOO3S

HONVYE

A

1541

-

el
Q

a_i -

g€ DI D NG DNLYHINTD TYNOIS TOHINOD
voge
NOILO35 ONZIVILN NOLIOZ SNV IR A I A A A H
“ ZOMAS < LOMS , M
IYYHY TYRAISTH IDYYHD WIS I9MS ¢ 1TMS ¢ [IMS 078328 1S 0
~ TIMS 1ZMS ol TIMS LIMS  TOMS  ZMS  ZIMS
2-02¢ e H o H e
CEMS 1EMS TRIRER NOLLO3S
H ! HOLIOYAYD e G
e,
5 MEHE e RIOLSH P52 e H
zel |
« — 305 — YTIEHYS |«
¥-06¢ L 7-06¢ -
2-0be 2028
wmm\f o £5~08
N ZINS LIMS
L z-081
T BTN, NOLLD3S Nz ezﬁmmﬁwﬁzgm KONV
aouvo voasy [ OOMS FouvHo o [© 1OMS thtppieiite T onoo3s
~ 2IMS 1ZMS = ZLMS LIMS — % ZLL
1-028 | | 1-01§ H | &
CTMS LTS OINEY RIS . HON
ﬁ e HOUOVYD | A HOLOY YD 4077 N 154
- Sy
o 8 M RIOISH M e ﬁ
5l ] |
< — 408 — TS e vi
v b 1 | -0Z€ 01g
~ £5~0S 005
L Mgy 009
N~
1-019



U.S. Patent Aug. 18, 2015 Sheet 34 of 34 US 9,112,624 B2

........................

FIG. 36




US 9,112,624 B2

1
TIME DIVISION RECEIVER AND TIME
DIVISION RECEIVING METHOD

TECHNICAL FIELD

The present invention relates to a time-division receiver
and a time-division receiving method for performing process-
ing for receiving a time-division multiplexed signal.

BACKGROUND ART

In recent years, the MIMO (multiple-input and multiple-
output) technique has been established and the MIMO tech-
nique has been used in many wireless communication stan-
dards. In order to practice the MIMO technique, a plurality of
radio-frequency circuits are required. Accordingly, the circuit
siZe or power consumption increases as the number of radio-
frequency circuits is increased. Therefore, in order to sup-
press the increase cult size or power consumption, there arises
a need to provide a time-division system that can perform
processing for a plurality of branches (also referred to as
streams) by time-division use of one radio-frequency circuit.

Patent Literature 1 and Patent Literature 2 each disclose a
technique that time-divisionally uses an RF (radio frequency)
circuit. Patent Literature 1 discloses an RF circuit for time-
division receiver including a mixer. Also Patent Literature 2
discloses a technique for a direct sampling mixer (DSM).

It has been found that where a time-division receiver,
which is represented by the above techniques, is used in a
MIMO system, leakage between branches largely affects the
reception characteristics of the MIMO system. Therefore, in
order to prevent deterioration in reception characteristics, itis
necessary to reduce leakage between branches in the time-
division receiver as much as possible in the MIMO system.
Leakage between branches refers to mixing of signals
between the branches. Leakage between branches occurs
where a time-divisionally used radio-frequency circuit
includes an element having frequency response in a time-
division receiver.

Frequency response is provided by parasitic capacitances.
Therefore, ideally, if no parasitic capacitances are generated
in the radio-frequency circuit, neither frequency response is
provided nor leakage between the branches occurs.

CITATION LIST
Patent Literature

PTL 1

Japanese Patent Application Laid-Open No. 2006-135814
PTL 2

U.S. Patent Publication No. 2003/35499

SUMMARY OF INVENTION
Technical Problem

However, parasitic capacitances exist in an actual element
included in a radio-frequency circuit and it is very difficult to
completely eliminate the frequency response. Therefore, if an
element including parasitic capacitances is shared between
branches, signal components before branch switching are
accumulated in the parasitic capacitance as a charge, and the
accumulated charge exerts influence after the branch switch-
ing. Consequently, in the time-division receiver, leakage
between the branches occurs, causing the problem of making
MIMO decode processing difficult, resulting in deterioration
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in reception characteristics of the MIMO system. It is known
that the problem is more prominent if the time-division
receiver is employed in a high-speed broadband wireless
transmission system. Therefore, in order to provide a high-
speed time-division receiver, mitigation of leakage between
branches can be considered an essential technique.

An object of the present invention is to provide a time-
division receiver and a time-division receiving method that
even where a time-division multiplexed signal resulting from
time-division multiplexing of a plurality of branches is pro-
cessed by one radio-frequency circuit, can reduce leakage
between the branches.

Solution to Problem

A time-division receiver according to one aspect of the
present invention employs a configuration including: a mixer
that down-converts a tune-division multiplexed signal result-
ing from a plurality of branch signals being time-division
multiplexed; a demultiplexing section that demultiplexes the
time-division multiplexed signal down-converted by the
mixer, into respective branch signals; and an initializing sec-
tion that initializes a charge remaining ire a parasitic capaci-
tance, the parasitic capacitance being generated on a path
between the mixer and the demultiplexing section, when a
first branch signal has passed through the path, before a
second branch signal passes through the path.

A time-division receiving method according to another
aspect of the present invention includes: down-converting a
time-division multiplexed signal resulting from a plurality of
branch signals being time-division multiplexed; demultiplex-
ing the time-division multiplexed signal that has been down-
converted into respective branch signals; and initializing a
charge remaining in a parasitic capacitance, the parasitic
capacitance being generated on a path through which the
down-converted time-division multiplexed signal passes,
when a first branch signal has passed through the path, before
a second branch signal passes through the path.

Advantageous Effects of Invention

According to the present invention, even where time-divi-
sion multiplexed signal resulting from time-division multi-
plexing of a plurality of branches is processed by one radio-
frequency circuit, leakage between the branches can be
reduced.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a block diagram illustrating a configuration of a
time-division receiver to which the present invention is
applied;

FIG. 2 is a diagram illustrating control signals supplied
from a control signal generating circuit;

FIG. 3 is a block diagram illustrating a configuration of a
time-division receiver according to embodiment of the pre-
sort invention;

FIG. 4 is a diagram illustrating control signals supplied
from a control signal generating circuit;

FIG. 5 is a diagram conceptually illustrating parasitic
capacitances generated on time-division shared signal lines;

FIG. 6 is a diagram illustrating an internal configuration of
a residual charge initializing section according to embodi-
ment 1.

FIG. 7 is a diagram illustrating a charge in a parasitic
capacitance in each of a normal-phase circuit and reversed-
phase circuit;
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FIG. 8 is a diagram illustrating a charge remaining in each
parasitic capacitances in a time-division receiver according to
embodiment 1;

FIG. 9 is a diagram illustrating a charge remaining in each
of parasitic capacitances in a time-division receiver to which
the present invention is applied;

FIG. 10 is a block diagram illustrating another configura-
tion of a time-division receiver according to embodiment 1;

FIG. 11 is a block diagram illustrating still another con-
figuration of a time-division receiver according to embodi-
ment 1;

FIG. 12 is a block diagram illustrating still another con-
figuration of a time-division receiver according to embodi-
ment 1;

FIG. 13 is a block diagram illustrating still another con-
figuration of a time-division receiver according to embodi-
ment 1;

FIG. 14 is a block diagram illustrating a configuration of a
time-division receiver according to embodiment 2 of the
present invention;

FIG. 15 is a diagram conceptually illustrating parasitic
capacitances generated on time-division shared signal lines;

FIG. 16 is a diagram illustrating an internal configuration
of'a residual charge initializing section according to embodi-
ment 2;

FIG. 17 is a block diagram illustrating a configuration of a
time-division receiver to which the present invention is
applied;

FIG. 18 is a diagram illustrating control signals supplied
from a control signal generating circuit;

FIG. 19 is a diagram illustrating an internal configuration
of an SCF;

FIG. 20 is a block diagram illustrating a configuration of a
time-division receiver according to embodiment 3 of the
present invention;

FIG. 21 is a diagram illustrating control signals supplied
from a control signal generating circuit;

FIG. 22 is a diagram conceptually illustrating parasitic
capacitances generated on time-division shared signal lines;

FIG. 23 is a block diagram illustrating another configura-
tion of a time-division receiver according to embodiment 3;

FIG. 24 is a block diagram illustrating still another con-
figuration of a time-division receiver according to embodi-
ment 3;

FIG. 25 is a block diagram illustrating still another con-
figuration of a time-division receiver according to embodi-
ment 3;

FIG. 26 is a block diagram illustrating still another con-
figuration of a time-division receiver according to embodi-
ment 3;

FIG. 27 is a block diagram illustrating a configuration of a
time-division receiver according to embodiment 4 of the
present invention;

FIG. 28 is a block diagram illustrating a configuration of a
time-division receiver to which the present invention is
applied;

FIG. 29 is a block diagram illustrating a configuration of a
time-division receiver according to embodiment 5 of the
present invention;

FIG. 30 includes diagrams each illustrating spectra of a
desired signal and an aliasing signal;

FIG. 31 is a block diagram illustrating another configura-
tion of a time-division receiver according to embodiment 5;

FIG. 32 is a block diagram illustrating still another con-
figuration of a time-division receiver according to embodi-
ment 5;
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FIG. 33 is a block diagram illustrating still another con-
figuration of a time-division receiver according to embodi-
ment 5;

FIG. 34 is a block diagram illustrating still another con-
figuration of a time-division receiver according to embodi-
ment 5;

FIG. 35is a block diagram illustrating still a other configu-
ration of a time-division receiver according to embodiment 5;
and

FIG. 36 is a diagram illustrating an example of control
signals where the branch count is three.

DESCRIPTION OF EMBODIMENTS

Embodiments of the present invention will be described in
detail below with reference to the drawings.

Embodiment 1

FIG. 1 is a block diagram illustrating configuration of a
time-division receiver to which the present invention is
applied. Time-division receiver 100 in FIG. 1 employs a
configuration with the branch count of two which a first
branch and a second branch are time-division multiplexed
into a single system.

In FIG. 1, time-division receiver 100 includes time-divi-
sion multiplexing section 110, mixer 120, time-division
demultiplexing section 130 and control signal generating cult
140.

Control signal generating circuit 140 supplies control sig-
nals (clocks) to time-division multiplexing section 110 and
time-division demultiplexing section 130. More specifically,
control signal generating circuit 140 generates SW1 and
SW2, and supplies SW1 and SW2 to time-division multiplex-
ing section 110 and time-division demultiplexing section
130. FIG. 2 is a diagram illustrating control signals SW1 and
SW2 supplied from control signal generating circuit 140.

Control signal generating circuit 140 also generates local
signal LO,. Then, control signal generating circuit 140 sup-
plies local signal Lo, to mixer 120.

Time-division multiplexing section 110 includes input ter-
minals 111 and 112. A radio-frequency signal for a first
branch is input to input terminal 111. Also, a radio-frequency
signal for a second branch is input to input terminal 112.

Time-division multiplexing section 110 time-division mul-
tiplexes the radio-frequency signals for the first and second
branches in response to SW1 and SW2 to generate a single
time-division multiplexed signal. More specifically, time-di-
vision multiplexing section 110 outputs the radio-frequency
signal for the first branch, which has been input from input
terminal 111, to mixer 120 during a period in which SW1 is
active. Also, time-division multiplexing section 110 outputs
the radio-frequency signal for the second branch, which has
been input from input terminal 112, to mixer 120 during a
period in which SW2 is active. Here, a branch switching rate
needs to be a rate equal to or exceeding a symbol rate for each
of the radio-frequency signals. As described above, time-
division multiplexing section 110 generates a time-division
multiplexed signal and outputs the time-division multiplexed
signal to mixer 120.

Mixer 120 performs frequency conversion (down-conver-
sion) of the time-division multiplexed signal using local sig-
nal Lo, to generate a baseband time-division multiplexed
signal (hereinafter abbreviated, as baseband signal) and out-
puts the baseband signal to time-division demultiplexing sec-
tion 130.
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Time-division demultiplexing section 130 includes output
terminals 131 and 132. Then, time-division demultiplexing
section 130 demultiplexes the baseband signal into first and
second branches in response to SW1 and SW2. More specifi-
cally, time-division demultiplexing section 130 outputs the
baseband signal to output terminal 131 during a period in
which SW1 is active. Time-division demultiplexing section
130 also outputs the baseband signal to output terminal 132
during a period in which SW2 is active. As described above,
time-division demultiplexing section 130 demultiplexes the
baseband signal into the first and second branches at a branch
switching rate equal to that of time-division multiplexing
section 110.

A configuration of time-division receiver 100 to which the
present invention is applied has been described above. Next,
atime-division receiver according to the present embodiment
will be described.

FIG. 3 is a block diagram illustrating a configuration of
time-division receiver 100 A according to the present embodi-
ment. InFIG. 3, components that are the same as those in FIG.
1 are provided with reference numerals that are the same as
those in FIG. 1 and a description thereof will be omitted.

In FIG. 3, time-division receiver 100A includes time-divi-
sion multiplexing section 110, mixers 120-1 and 120-2, time-
division demultiplexing sections 130-1 and 130-2, control
signal generating circuit 140A, reversed-phase signal gener-
ating section 150, and residual charge initializing section 160.

In FIG. 3, mixer 120-1 and time-division demultiplexing
section 130-1 process a normal-phase signal in a differential
system. Also, mixer 120-2 and time-division demultiplexing
section 130-2 process a reversed-phase signal in the differen-
tial system. Hereinafter, processing sections that process nor-
mal-phase signal are collectively referred to as a normal-
phase circuit, and processing sections that process a reversed-
phase signal are collectively referred to as a reversed-phase
circuit.

Furthermore, in FIG. 3, a path between time-division mul-
tiplexing section 110 and mixer 120-1 and a path between
reversed-phase signal generating section 150 and mixer
120-2 are referred to as time-division shared signal lines
170-1 and 170-2, respectively. Also, a path between mixer
120-1 and time-division demultiplexing section 130-1 (out-
put path for mixer 120-1) is referred to as time-division
shared signal line 180-1. Also, a path between mixer 120-2
and time-division demultiplexing section 130-2 (output path
for mixer 120-2) is referred to as time-division shared signal
line 180-2.

Control signal generating circuit 140A supplies control
signals to time-division multiplexing section 110, time divi-
sion demultiplexing sections 130-1 and 130-2, and residual
charge initializing section 160. More specifically, control sig-
nal generating circuit 140A generates control signals SW1,
SW2 and SWc. Then, control signal generating circuit 140A
supplies SW1 and SW2 to time-division multiplexing section
110 and time-division demultiplexing sections 130-1 and
130-2. Control signal generating circuit 140A also supplies
SWec to residual charge initializing section 160. Furthermore,
control signal generating circuit. 140 A generates local signal
Lo, and supplies local signal Lo, to mixers 120-1 and 120-2.
FIG. 4 is adiagram illustrating control signals SW1, SW2 and
SWec supplied from control signal generating circuit 140A.
Details of SW1, SW2 and SWc¢ will be described later.

Control signal generating circuit 140E generates local sig-
nal LO,,. Then, control signal generating circuit 140A sup-
plies local signal LO,, to mixers 120-1 and 120-2.

Time-division multiplexing section 110 time-division mul-
tiplexes radio-frequency signals for the first and second
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6

branches in response to SW1 and SW2 to generate a single
time-division multiplexed signal. More specifically, during a
period in which SW1 is active, time-division multiplexing
section 110 outputs the radio-frequency signal for the first
branch to mixer 120-1 and reversed-phase signal generating
section 150. Also, during a period in which SW2 is active,
time-division multiplexing section 110 outputs the radio-fre-
quency signal for the second branch to mixer 120-1 and
reversed-phase signal generating section 150. During a
period in which neither SW1 nor SW2 is active (that is, a
period in which SWc is active), time-division multiplexing
section 110 provides no output to mixer 120-1 and reversed-
phase signal generating section 150.

Reversed-phase signal generating section 150 reverses a
phase of the time-division multiplexed signal to generate a
reversed-phase time-division multiplexed signal and outputs
the reversed-phase time-division multiplexed signal to mixer
120-2.

As with mixer 120, mixers 120-1 and 120-2 perform fre-
quency conversion (down-conversion) of the respective time-
division multiplexed signals using local signal LO,, to gener-
ate a baseband time-division multiplexed signal (baseband
signal). More specifically, mixer 120-1 down-converts the
normal-phase time-division multiplexed signal to generate a
normal-phase baseband signal. Also, mixer 120-2 down-con-
verts the reversed-phase time-division multiplexed signal to
generate a reversed-phase baseband signal. The normal-
phase baseband signal is output to time-division demultiplex-
ing section 130-1 via time-division shared signal line 180-1.
The reversed-phase baseband signal is output to time-division
demultiplexing section 130-2 via time-division shared signal
line 180-2.

As with time-division demultiplexing section 130, each of
time-division demultiplexing sections 130-1 and 130-2
includes output terminals 131 and 132. Time-division demul-
tiplexing sections 130-1 and 130-2 each demultiplex the
respective baseband signals into the first and second branches
in response to SW1and SW2. More specifically, demultiplex-
ing sections 130-1 and 130-2 output the respective baseband
signals to respective output terminals 131 during a period in
which SW1 is active. Also, time-division demultiplexing sec-
tions 130-1 and 130-2 output the respective baseband signals
to respective output terminals 132 during period in which
SW2 is active. As described above, time-division demulti-
plexing sections 130-1 and 130-2 demultiplex the respective
time-division multiplexed signals into the first and second
branches at a branch switching rate equal to that of time-
division multiplexing section 110.

Residual charge initializing section 160 initializes charges
remaining in parasitic capacitances in time-division receiver
100A.

Here, parasitic capacitances generated in time-division
receiver 100A will be described. As described above, time-
division shared signal lines 170-1 and 170-2, mixers 120-1
and 120-2 and time-division shared signal lines 180-1 and
180-2 are shared between the first and second branches.
Time-division shared signal lines 170-1 and 170-2, mixers
120-1 and 120-2 and time-division shared signal lines 180-1
and 180-2 shared between the first and second branches are
referred to as time-division shared sections below.

If an element having frequency response exists in a time-
division shared section, as described above, a parasitic
capacitance is generated in the element and leakage between
branches increases due to the generated parasitic capacitance.
Here, from among the time-division shared sections, ele-
ments having frequency response, that is, elements in which
a parasitic capacitance is generated will be discussed.
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To be exact, time-division shared signal lines 170-1, 170-2,
mixers 120-1 and 120-2, and time-division shared signal lines
180-1 and 180-2 all have frequency response. However, there
is a large difference between an LO (local) frequency used by
mixers 120-1 and 120-2 for down-conversion and the branch
switching rate. For example, the LO frequency is around 2
GHz while the branch switching rate is around 100 MHz. In
other words, in time-division receiver 100A, mixers 120-1
and 120-2 can be considered as mere elements for frequency
shifting from a first frequency to a second frequency. Then,
the branch switching rate is extremely slow compared to the
LO frequency, and thus, the frequency response of mixers
120-1 and 120-2 can be ignored. In other words, parasitic
capacitances in mixers 120-1 and 120-2 can be ignored. Fur-
thermore, since each of the first and second branch signals
passing through time-division shared signal lines 170-1 and
170-2 has a radio frequency, as with mixers 120-1 and 120-2,
the frequency response of time-division shared signal lines
170-1 and 170-2 can be ignored.

Meanwhile, the down-converted baseband signals pass
through time-division shared signal lines 180-1 and 180-2.
Each of the baseband signals has a low frequency, for
example, around 5 MHz. Therefore, the frequency of the
baseband signals is close to the branch switching rate com-
pared to that of the radio-frequency signals, and thus, the
frequency response of time-division shared signal lines 180-1
and 180-2 should be taken into consideration. Thus, on time-
division shared signal lines 180-1 and 180-2, parasitic capaci-
tances can be generated.

FIG. 5 is a diagram conceptually illustrating parasitic
capacitances generated on time-division shared signal lines
180-1 and 180-2. In FIG. 5, parasitic capacitances 190-1 and
190-2 are parasitic capacitances generated on time-division
shared signal lines 180-1 and 180-2. In parasitic capacitances
190-1 and 190-2, signal components before branch switching
remain.

Therefore, in the present embodiment, in time-division
receiver 100A, residual charge initializing section 160 is con-
nected to time-division shared signal lines 180-1 and 180-2
(output paths for mixers 120-1 and 120-2). In the present
embodiment, residual charge initializing section 160 is con-
figured to initialize charges remaining in parasitic capaci-
tances 190-1 and 190-2 (hereinafter also referred to as
residual charges).

FIG. 6 is a diagram illustrating an internal configuration of
residual charge initializing section 160 and connection to the
same.

Residual charge initializing section 160 includes switch
161.

One of connection destinations of switch 161 is the output
path for mixer 120-1 in the normal-phase circuit and the other
is the output path for mixer 120-2 in the reversed-phase cir-
cuit.

Then, switch 161 is turned on/off in response to SWc, and
consequently, the normal-phase circuit and the reversed-
phase circuit are in a conducting or non-conducting state.
More specifically, during a period in which SWc is active,
switch 161 is on, whereby the normal-phase circuit and the
reversed-phase circuit are in a conducting state. Also, during
a period in which SWec, is non-active, switch 161 is off,
whereby the normal-phase circuit and the reversed-phase cir-
cuit are its a non-conducting state.

Next, the control signals output from control signal gener-
ating circuit 140A will be described with reference to FIG. 4.

In FIG. 4, SW1 is a control signal for time-division multi-
plexing section 110 and time-division demultiplexing sec-
tions 130-1 and 130-2 to select the first branch. Also, SW2 is
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a control signal for time-division multiplexing section 110
and time-division demultiplexing sections 130-1 and 130-2 to
select the second branch.

As described above, SW1 and SW2 for switching between
the first and second branches are control signals common to
time-division multiplexing section 110 and time-division
demultiplexing sections 130-1 and 130-2. SW1 and SW2
each have a rate higher than the symbol rate.

Furthermore, as illustrated in F1G. 4, SW1 and SW2 are not
active simultaneously, and there are periods in which both
SW1 and SW2 are non-active. Each of the periods in which
both SW1 and SW2 are non-active is a period in which the
time-division multiplexed signal is quiescent. Also, each of
the periods in which both SW1 and SW2 are non-active and
the time-division multiplexed signal is quiescent (hereinafter
referred to as “quiescent period”) is a period in which SWc is
active. Residual charge initializing section 160 initializes the
charges accumulated in parasitic capacitances 190-1 and
190-2 (residual charges) during a period in which SWc is
active, that is, a quiescent period.

Time necessary for initializing the residual charges should
be assigned to the period in which SWc is active. However,
majority of charge is moved to a parasitic capacitance in an
early period in which charge accumulation has started. There-
fore, even where residual charges are initialized for residual
charge reduction during a period shorter than a period of time
consumed for actual accumulation ofthe residual charges, the
initialization of the residual charges can provide an effect of
reduction in leakage between the branches. Accordingly, the
period in which SWc is active may be shorter than time
required to completely initialize the residual charges.

Furthermore, since each of the periods in which SWc is
active is a period in which both SW1 and SW2 are non-active
(quiescent period), if the period in which SWc is active is
long, the period in which SW1 or SW2 is active is short.
Shortening the period in which SW1 or SW2 is active causes
deterioration in pass gain characteristic of the signal for the
branch for which the active period has been shortened. Mean-
while, shortening the period in which SWc is active disables
sufficient initialization of the residual charges, resulting in
deterioration in characteristic of leakage between the
branches. Therefore, it is necessary to determine the period in
which SWc is active taking a trade-off between the pass gain
characteristic and the characteristic of leakage between the
branches into consideration.

Next, an operation of residual charge initializing section
160 will be described.

FIG. 7 is a diagram illustrating charges (residual charges)
generally accumulated in a parasitic capacitance in a normal-
phase circuit and a parasitic capacitance in a reversed-phase
circuit in a differential system. As can be seen from FIG. 7,
residual charges in the normal-phase circuit and the reversed-
phase circuit exhibit symmetry. Thus, the normal-phase cir-
cuit and the reversed-phase circuit are in a conducting state,
whereby the residual charges in the normal-phase circuit and
the reversed-phase circuit are cancelled out.

FIG. 8 is a diagram illustrating charges (residual charges)
accumulated in parasitic capacitances 190-1 and 190-2 in
time-division receiver 100 A according to the present embodi-
ment.

Residual charge initializing section 160 initializes the
residual charges during a period in which SWc is active. More
specifically, during the period in which SWc is active, switch
161 is on, whereby the normal-phase circuit and the reversed-
phase circuit are in a conducting state (interdifferential short-
circuiting). As a result, charges accumulated in parasitic
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capacitances 190-1 and 190-2 (residual charges) are can-
celled out, whereby the residual charges are initialized.

As described above, an SWc active period is provided
between an SW1 active period and an SW2 active period. In
the SWc active period, interdifferential short-circuiting is
performed. Consequently, in time-division receiver 100A,
after initialization of the charges accumulated in parasitic
capacitances 190-1, 190-2 (residual charges), respective sig-
nals after branch switching pass through time-division shared
signal lines 180-1 and 180-2. Thus, time-division receiver
100A can avoid mixing of signals before branch switching
and signals after the branch switching, enabling reduction in
leakage between the branches. Consequently, time-division
receiver 100A enables suppression of deterioration MIMO
reception characteristics.

Meanwhile, FIG. 9 is a diagram illustrating charges accu-
mulated in parasitic capacitances (residual charges) in the
normal-phase circuit and the reversed-phase circuit in time-
division receiver 100 in FIG. 1. In other words, FIG. 9 illus-
trates an example where the residual charges are not initial-
ized. In FIG. 9, solid lines indicate residual charges before
and after branch switching in time-division receiver 100. In
FIG. 9, dotted lines indicate residual charges after branch
switching in the case of an ideal time-division receiver in
which the time-division shared sections of time-division
receiver 100 have no frequency response.

In time-division receiver 100, after switching from the first
branch to the second branch, the signal for the second branch
is input with signal components for the first branch remaining
in the parasitic capacitances. Therefore, as indicated by the
solid lines in FIG. 9, the residual charges are large after the
branch switching, which indicate that signal components for
the first and second branches are mixed.

As described above, from comparison between FIG. 8 and
FIG. 9, time-division receiver 100A according to the present
embodiment can reduce leakage between the branches and
can suppress deterioration in MIMO reception characteris-
tics.

As described above, residual charge section 160 initializes
residual charges generated on paths through which time-
division multiplexed signals pass, for each branch switching.
More specifically, time-division receiver 100A makes
residual charges generated on the paths through which
respective time-division multiplexed signals pass, be can-
celled out between the differential circuits in the differential
system. In residual charge initializing section 160, in a period
in which SWc is active, that is, a quiescent period, switch 161
connects the output path for mixer 120-1 and the output path
for mixer 120-2. Consequently, time-division receiver 100A
makes a charge remaining in the parasitic capacitance 190-1
in the normal-phase circuit and a charge remaining in para-
sitic capacitance 190-2 in the reversed-phase circuit be can-
celled out. As described above, residual charge initializing
section 160 initializes charges remaining in the respective
parasitic capacitances, which are generated on the respective
output paths, when respective first branch signals have passed
the respective paths, before respective second branch signals
pass the respective paths. Consequently, time-division
receiver 100A can reduce leakage between the branches.

In general, in a differential system, a normal-phase circuit
and a reversed-phase circuit basically exhibit symmetry, but
do notnecessarily exhibit perfect symmetry to be exact. Thus,
time-division receiver 100 A does not necessarily completely
initialize residual charges. However, even where a normal-
phase circuit and a reversed-phase circuit do not exhibit per-
fect symmetry, time-division receiver 100A can provide an
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effect of mitigating leakage between the branches with an
extremely simple configuration.

FIG. 10 is a block diagram illustrating another configura-
tion of a time-division receiver according to the present
embodiment. In FIG. 10, components that are the same as
those in FIG. 3 are provided with reference numerals that are
the same as those in FIG. 3 and a description thereof will be
omitted. Time-division receiver 100A in FIG. 3 includes
reversed-phase signal generating section 150 in the following
stage of time-division multiplexing section 110. Meanwhile,
time-division receiver 100B in FIG. 10 includes reversed-
phase signal generating sections 150-1 and 150-2 in the pre-
ceding stage of time-division multiplexing sections 110-1
and 110-2. Operations of time-division multiplexing sections
110-1 and 110-2 and reversed-phase, signal generating sec-
tions 150-1 and 150-2 are similar to those of time-division
multiplexing section 110 and reversed-phase signal generat-
ing section 150, respectively, and thus, a description thereof
will be omitted.

FIG. 11 is a block diagram illustrating still another con-
figuration of a time-division receiver according to the present
embodiment. In FIG. 11, components that are the same as
those in FIG. 3 are provided with reference numerals that are
the same as those in FIG. 3 and a description, thereof will be
omitted. Time-division receiver 100C in FIG. 11 employs a
configuration of time-division receiver 100A in FIG. 3 with
control signal generating circuit 140B provided instead of
control signal generating circuit 140A and with reversed-
phase signal generating section 150 removed.

As with control signal generating circuit 140A, control
signal generating circuit 140B generates control signals SW1
SW2 and SWc and local signal LO,. Furthermore, control
signal generating circuit 140B generates local signal LO,,
obtained by reversing a phase of local signal LO,, and supplies
local signal LO,, to mixer 120-2. Consequently, a reversed-
phase baseband signal is output from mixer 120-2.

FIG. 12 is a block diagram illustrating still another con-
figuration of a time-division receiver according to the present
embodiment. In FIG. 12, components that are the same as
those in FIG. 10 are provided with reference numerals that are
the same as those in FIG. 10 and a description thereof will be
omitted. Time-division receiver 100D in FIG. 12 employs a
configuration of time-division receiver 100B in FIG. 10 with
reversed-phase signal generating sections 150-1 and 150-2
removed. Time-division receiver 100D in FIG. 12 provides an
example configuration where normal-phase signals for first
and second branches and reversed-phase signals for the first
and second branches are input, respectively.

FIG. 13 is a block diagram illustrating still another con-
figuration of a time-division receiver according to the present
embodiment. In FIG. 13, components that are the same as
those in FIG. 10 are provided with reference numerals that are
the same as those in FIG. 10 and a description thereof will be
omitted. Time-division receiver 100E in FIG. 13 employs a
configuration of time-division receiver 100B in FIG. 10 with
control signal generating circuit 140B provided instead of
control signal generating circuit 140A and with reversed-
phase signal generating sections 150-1 and 150-2 removed. In
time-division receiver 100E in FIG. 13, control signal gener-
ating circuit 140B supplies local signal L.O,, obtained by
reversing a phase of local signal LO,, to mixer 120-2. Conse-
quently, a reversed-phase baseband signal is output from
mixer 120-2.

The present embodiment has been described in terms of a
case where the present invention is applied to time-division
receiver 100 in which a time-division shared radio-frequency
circuit includes a mixer. However, the configuration of time-
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division receiver 100 to which the present invention can be
applied is not limited to this case. Any types of receivers other
than time-division receiver 100 can provide an effect similar
to that of time-division receiver 100 by providing residual
charge initializing section 160 in the receiver. Such receivers
will be described 111 embodiment 3 onwards.

Embodiment 2

FIG. 14 is a block diagram illustrating a configuration of a
time-division receiver according to an embodiment of the
present invention in FIG. 14, components that are the same as
those FIG. 3 are provided with reference numerals that are the
same as those in FIG. 3 and a description thereof will be
omitted. Time-division receiver 200 in FIG. 14 includes
residual charge initializing sections 210-1 and 210-2 instead
of residual charge initializing section 160 in time-division
receiver 100A in FIG. 3.

FIG. 15 is a diagram conceptually illustrating parasitic
capacitances generated on time-division shared signal lines
180-1 and 180-2. In FIG. 15, parasitic capacitances 190-1 and
190-2 are parasitic capacitances generated on time-division
shared signal lines 180-1 and 180-2. In parasitic capacitances
190-1 and 190-2, signal components before branch switching
remain.

FIG. 16 is a diagram illustrating an internal configuration
of residual charge initializing section 210-1 (210-2) accord-
ing to the present embodiment and connection to the same.
Residual charge initializing section 210-1 (210-2) according
to the present embodiment includes charge supply section
(voltage source) 211 and switch 161.

As in embodiment 1, switch 161 is on during a period in
which SWec is active, whereby a normal-phase (reversed-
phase) circuit and charge supply section 211 are in a conduct-
ing state. Also, as in embodiment 1, switch 161 is off during
a period in which SWc is non-active, whereby the normal-
phase (reversed-phase) circuit and charge supply section 211
are in a non-conducting state.

In a conducting state, charge supply section 211 supplies
charge to parasitic capacitance 190-1 (190-2) to bring the
charge in parasitic capacitance 190-1 (190-2) to a reference
charge level. As described above, residual charge initializing
section 210-1 (210-2) initializes the charge accumulated, in
parasitic capacitance 190-1 (190-2).

As described above, residual charge initializing section
210-1 (210-2) includes charge supply section 211 and switch
161. Switch 161 controls connection/disconnection between
charge supply section 211 and an output path for mixer 120-1
(120-2) for every branch switching. More specifically, switch
161 connects charge supply section 211 and the output path
for mixer 120-1 (120-2) in a period in which SWec is active,
that is, quiescent period. Then, in a conducting state, charge
supply section 211 supplies charge to parasitic capacitance
190-1 (190-2). As described above, residual charge initializ-
ing section 210-1 (210-2) initializes a charge remaining in a
parasitic capacitance, which is generated on the output path,
when a first branch signal has passed through the path, before
a second branch signal passes through the path. Conse-
quently, time-division receiver 200 can reduce leakage
between the branches.

Furthermore, in the case where charge supply section 211
is a voltage source that can stably supply charge, time-divi-
sion receiver 200 can mitigate leakage between the branches
with higher precision compared to time-division receivers
100A and 100B according to embodiment 1.

Furthermore, the present embodiment can be applied to
non-differential systems as well as differential systems. How-
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ever, in the case where charge supply section 211 that can
stably supply charge is provided, the present embodiment can
provide higher performance in mitigating leakage between
the branches compared to embodiment 1, but causes a large
circuit impact.

Embodiment 3

Embodiments 1 and 2 have been described in terms of a
case where the present invention is applied to a time-division
receiver in which a radio-frequency circuit includes a mixer.
The present embodiment will be described in terms of a case
where the present invention is applied to a time-division
receiver in which a radio-frequency circuit includes a DSM.

FIG. 17 is a block diagram illustrating a configuration of a
time-division receiver to which the present invention is
applied. In FIG. 17, components that are the same as those in
FIG. 1 are provided with reference numerals that are the same
as those in FIG. 1 and a description thereof will be omitted.
Time-division receiver 300 in FIG. 17 is a time-division
receiver in which a radio-frequency circuit includes a DSM.

In FIG. 17, time-division receiver 300 includes time-divi-
sion multiplexing section 110, time-division demultiplexing
section 130, TA (transconductance amplifier: voltage-current
converter) 310, sampler 320, history capacitor section 330,
SCF (switched capacity filter) 340, buffer capacitor section
351) and control signal generating circuit 360.

Control signal generating circuit 360 supplies control sig-
nals to time division multiplexing section 110, time-division
demultiplexing section 130, history capacitor section 330,
SCF 340 and buffer capacitor section 350.

More specifically, control signal generating circuit 360
generates control signals SW11, SW12, SW21, SW22 and S0
to S3. Then, control signal generating circuit 360 supplies
SW11 and SW12 to time division multiplexing section 110
and history capacitor section 330. Control signal generating
circuit 360 also supplies SW21 and SW22 to buffet capacitor
section 350 and time-division demultiplexing section 130.
Control signal generating circuit 360 also supplies SO0 to S3 to
SCF 340. FIG. 18 is a diagram illustrating control signals
SW1, SW12, SW21, SW22 and S0 to S3 supplied from con-
trol signal generating circuit 360. Details of the control sig-
nals will be described later.

Control signal generating circuit 360 also generates local
signal LO,,. Then, control signal generating circuit 360 sup-
plies local signal LO,, to sampler 320.

TA 310 coverts a time-division multiplexed signal from a
voltage signal to a current signal, and outputs the time-divi-
sion multiplexed signal to sampler 320 as an analog RF cur-
rent signal.

Sampler 320, which includes, for example, an FET (field-
effect transistor), samples the analog RE current signal using
local signal LO,, to perform frequency conversion (down-
conversion).

The signal output from TA 310 and sampler 320 is a current
signal, and the current signal is output to time-division
demultiplexing section 130. The subsequent processing is
also performed on the current signal.

History capacitor section 330 includes switches 331 and
333 and Chs (history capacitors) 332 and 334.

Switches 331 and 333 are turned on/off in response to
SW11 and SW12. More specifically, switch 331 is on during
aperiod in which SW11 is active and is off during a period in
which SW11 is non-active. Switch 333 is on during a period
in which SW12 is active, and is off during a period in which
SW12 is non-active.
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Ch 332 is a history capacitor for a first branch, and Ch 334
is a history capacitor for a second branch.

As described above, on an output path for sampler 320, Ch
332 for the first branch and Ch 334 for the second branch are
provided. Connection/disconnection between these capaci-
tors and the output path for sampler 320 are controlled by
switches 331 and 333.

SCF 340 repeats charging and discharging of later-de-
scribed rotation capacitors in response to S0 to S3 to filter the
current signal output from sampler 320, and outputs the fil-
tered signal to time-division demultiplexing section 130. A
detailed configuration of SCF 340 will be described later.

Buffer capacitor section 350 includes switches 351 and
353 and Cbs (bufter capacitors) 352 and 354.

Switches 351 and 353 are turned on/off in response to
SW21 and SW22, respectively. More specifically, switch 351
is on during a period in which SW21 is active, and is off
during a period in which SW21 is non-active. Switch 353 is
on during a period in which SW22 is active and is off during
a period in which SW22 is non-active.

Cb 352 is a buffer capacitor for the first branch and Cb 354
is a buffer capacitor for the second branch.

As described above, on the output path for SCF 340, Cb
352 for the first branch and Cb 354 for the second branch are
provided. Connection/disconnection between these capaci-
tors and the output path for SCF 340 is controlled by switches
351 and 353.

FIG. 19 is a diagram illustrating an example detailed con-
figuration inside SCF 340 in FIG. 17.

As illustrated in FIG. 19, four paths are provided between
an input and an output of SCF 340. Path 1 includes switches
410, 412, 413 and 414, and Cr (rotation capacitor) 411. Path
2 includes switches 420, 422, 423 and 424, and Cr 421. Path
3 includes switches 430, 432, 433 and 434, and Cr 431. Path
4 includes switches 440, 442, 443 and 444, and Cr 441. Here,
switches 410, 420, 430 and 440 are switches for input control.
Switches 412, 422, 432 and 442 are switches for discharge.
Switches 413, 423, 433 and 443 are switches for pre-charge
voltage supply. Switches 414, 424, 434 and 444 are switches
for output control.

As described above, SCF 340 includes configurations of
the four paths, which are completely similar to one another.
The respective switches are controlled by S0 to S3 supplied
from control signal generating circuit 360.

Next, an operation of SCF 340 will be described. Each of
the four paths in SCF 340 cycles through four states. Since
similar processing is performed for the respective paths,
description will be provided for path 1.

In a first state, switch 412 is turned on, whereby Cr 411 is
discharged.

Next, in a second state, switch 413 is turned on, whereby a
pre-charge voltage is supplied to Cr 411 as an initial charge.

Next, in a third state, switch 410 is turned on, whereby an
input signal is loaded, the charge is shared by Cr 411 and
history capacitor section 330 in the preceding stage of SCF
340.

Lastly, in a fourth state, switch 414 is turned on whereby
the charge is shared between Cr 411 and buffer capacitor
section 350 in the following stage of SCF 340.

For operations in the other paths, processing for the four
states is performed in each of the remaining three paths with
the state shifted by one state from one another. Then, in the
present embodiment, charges are shared by the Chs in history
capacitor section 330 and the Crs in SCF 340, and further-
more charges are shared by the Crs in SCF 340 and the Cbs in
buffer capacitor section 350. Consequently, SCF 340 serves
as a second-order IIR (Infinite Impulse Response) filter.
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Here, in FIG. 18, SW11 and SW12 are control signals
supplied to time-division multiplexing section 110, and
switches 331 and 333 in history capacitor section 330. SW21
and SW22 are control signals supplied to time-division
demultiplexing section 130, and switches 351 and 353 in
buffer capacitor section 350.

During a period in which SW11 and SW21 are active, the
first branch is selected, and during a period in which SW12
and SW22 are active, the second branch is selected. Here,
SW21 and SW22 are delayed by one time period relative to
SW11 and SW12 because an input signal is delayed by one
time period in SCF 340.

A configuration of time-division receiver 300 to which the
present invention is applied has been described above. In
time-division receiver 300, a parasitic capacitance is gener-
ated on each of an output path for sampler 320 (input path for
SCF 340) and the output path for SCF 340. Therefore, in
time-division receiver 300, leakage between the branches
occurs due to an influence of charges (residual charges) gen-
erated as a result of signal components before branch switch-
ing remaining in the parasitic capacitances. Therefore, the
present embodiment will be described in terms of a time-
division receiver that, where a radio-frequency -circuit
includes a DSM, can reduce leakage between branches.

FIG. 20 is a block diagram illustrating a configuration of a
time-division receiver 300 A according to the present embodi-
ment. In FIG. 20, components that are the same as those in
FIG. 17 are provided with reference numerals that are the
same as those in FIG. 17 and a description thereof will be
omitted.

In FIG. 20, time-division receiver 300A includes time-
division multiplexing section 110, TA 310, samplers 320-1
and 320-2, reversed-phase signal generating section 150, his-
tory capacitor sections 330-1 and 330-2, SCFs 340-1 and
340-2, bufter capacitor sections 350-1 and 350-2, residual
charge initializing sections 370-1 and 370-2, control signal
generating circuit 360A, and time-division demultiplexing
sections 130-1 and 130-2.

InFIG. 20, sampler 320-1, history capacitor section 330-1,
SCF 340-1 and buffer capacitor section 350-1 process a nor-
mal-phase signal in a differential system. Also, sampler 320-
2, history capacitor section 330-2, SCF 340-2 and buffer
capacitor section 350-2 process a reversed-phase signal in the
differential system. Hereinafter processing sections that pro-
cess a normal-phase signal are collectively referred to as a
normal-phase circuit, and processing sections that process a
reversed-phase signal are collectively referred to as a
reversed-phase circuit.

In FIG. 20, a path between sampler 320-1 and SCF 340-1
(input path for SCF 340-1) is referred to as time-division
shared signal line 390-1. A path between sampler 320-2 and
SCF 340-2 (input path for SCF 340-2) is referred to as time-
division shared signal line 390-2. A path between SCF 340-1
and time-division demultiplexing section 130-1 (output path
for SCF 340-1) is referred to as time-division shared signal
line 390-3. A path between SCF 340-2 and time-division
demultiplexing section. 130-2 (output path for SCF 340-2) is
referred to as time-division shared signal line 390-4. A para-
sitic capacitance is generated on each of time-division shared
signal lines 390-1, 390-2, 390-3 and 390-4.

Control signal generating circuit 360A supplies control
signals to time-division multiplexing section 110, time-divi-
sion demultiplexing sections 130-1 and 130-2, history capaci-
tor sections 330- and 330-2, SCFs 340-1 and 340-2, buffer
capacitor sections 350-1 and 350-2 and residual charge ini-
tializing sections 370-1 and 370-2.



US 9,112,624 B2

15

More specifically, control signal generating circuit 360A
generates SW11, SW12, SW21, SW22, SWcl, SWc2 and SO
to S3. Then, control signal generating circuit 360A supplies
SW11 and SW12 to time-division multiplexing section 110
and history capacitor sections 330-1 and 330-2. Control sig-
nal generating circuit 360A also supplies SW21 and SW22 to
buffer capacitor sections 350-1 and 350-2 and time-division
demultiplexing sections 130-1 and 130-2. Control signal gen-
erating circuit 360A also supplies SWcl to residual charge
initializing section 370-1. Control signal generating circuit
360A also supplies SWc2 to residual charge initializing sec-
tion 370-2. Control signal generating circuit 360A also sup-
plies S0 to S3 to SCFs 340-1 and 340-2. FIG. 21 is a diagram
illustrating control signals SW11, SW12, SW21, SW22,
SWcl, SWc2 and SO to S3 supplied from control signal
generating circuit 360A. Details of the control signals will be
described later.

Control signal generating circuit 360A also generates local
signal LO,,. Then, control signal generating circuit 360A
supplies local signal LO,, to samplers 320-1 and 320-2.

Reversed-phase signal generating section 150 reverses a
phase of a current signal output from TA 310 to generate a
reversed-phase time-division multiplexed signal and outputs
the reversed-phase time-division multiplexed signal to sam-
pler 320-2.

As with sampler 320, samplers 320-1 and 320-2 sample the
analog RF current signal using local signal LO,, to perform
frequency conversion (down-con version).

As with history capacitor section 330, each of history
capacitor sections 330-1 and 330-2 includes switches 331 and
333, and Chs 332 and 334. Switches 331 and 333 switch
connection/disconnection between respective output paths
for sampler 320-1 and 320-2 and respective Chs 332 for a first
branch or respective Chs 334 for a second branch in response
to SW11 and SW12.

SCFs 340-1 and 340-2 each employs a configuration simi-
lar to that of SCF 340. SCF 340-1 repeats charging/discharg-
ing of rotation capacitors in response to S0 to S3 to filter the
normal-phase current signal, and outputs the filtered signal to
time-division demultiplexing section 130-1. Also, SCF 340-2
repeats charging/discharging of rotation capacitors in
response to S0 to S3 to filter the reversed-phase current signal,
and outputs the filtered signal to time-division demultiplex-
ing section 130-2.

As with buffer capacitor section 350, each of buffer capaci-
tor sections 350-1 and 350-2 includes switches 351 and 353,
and Cbs 352 and 354. Switches 351 and 353 switch connec-
tion/disconnection between respective output paths for SCFs
340-1 and 340-2 and Cb 352 for the first branch or Cb 354 for
the second branch in response to SW21 and SW22.

As with time-division demultiplexing section 130, each of
time-division demultiplexing sections 130-1 and 130-2
demultiplexes a baseband time-division multiplexed signal
(baseband signal) into the first and second branches in
response to SW21 and SW22. More specifically, time-divi-
sion demultiplexing sections 130-1 and 130-2 output the
respective baseband signals to respective output terminals
131 during period in which SW21 is active. Also, time-divi-
sion demultiplexing sections 130-1 and 130-2 output the
respective baseband signals to respective output terminals
132 during a period in which SW22 is active.

Residual charge initializing sections 370-1 and 370-2 ini-
tialize charges remaining in parasitic capacitances in time-
division receiver 300A.

FIG. 22 is a diagram conceptually illustrating parasitic
capacitances generated in time-division receiver 300A. In
FIG. 22, parasitic capacitances 380-1, 380-2, 380-3 and
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380-4 are parasitic, capacitances generated in time-division
receiver 300A. Signal components before branch switching
remain in parasitic capacitances 380-1, 380-2, 380-3 and
380-4.

Therefore, in time-division receive 300A according to the
present embodiment, residual charge initializing sections
370-1 and 370-2 are provided in the preceding and following
stages of SCFs 340-1 and 340-2, respectively. Here, an inter-
nal configuration of residual charge initializing sections
370-1 and 370-2 is similar to that of residual charge initial-
izing section 160, and thus, illustration and description
thereof will be omitted.

In other words, in the present embodiment, residual charge
initializing section 370-1 makes charges accumulated in
parasitic capacitances 380-1 and 380-2 generated in the pre-
ceding stage of SCFs 340-1 and 340-2 (residual charges) be
initialized (cancelled out). Also, residual charge initializing
section 370-2 makes charges accumulated in parasitic capaci-
tances 380-3 and 380-4 generated in the following stage of
SCFs 340-1 and 340-2 (residual charges) be initialized (can-
celled out).

Next, control signals output from control signal generating
circuit 360A will be described with reference to FIG. 21.

InFIG.21,SW11 and SW12 are control signals supplied to
time-division multiplexing section 110, and switches 331 and
333 in history capacitor sections 330-1 and 330-2. SW21 and
SW22 are control signals supplied to time-division demulti-
plexing sections 130-1 and 130-2, and switches 351 and 353
in buffer capacitor sections 350-1 and 350-2. SWcl and
SWc2 are control signals for controlling respective switches
161 in residual charge initializing sections 370-1 and 370-2.
During a period in which SWcl and SWc2 are active,
switches 161 in residual charge initializing sections 370-1
and 370-2 are on, whereby a normal-phase circuit and a
reversed-phase circuit are in a conducting state (interdiffer-
ential short-circuiting). As a result, charges accumulated in
the parasitic capacitances in the normal-phase circuit and the
reversed-phase circuit (residual charges) are cancelled out,
whereby the residual charges are initialized.

Here, control signals used in the present embodiment (see
FIG. 21) and control signals in FIG. 18 are different from each
other in the following points. In the control signals in FIG. 21,
a non-active period is provided between an SW11 active
period and an SW12 active period, and between an SW21
active period and an SW22 active period. Meanwhile, in the
control signals in FIG. 18, there is no non-active period
between an SW11 active period and an SW12 active period,
and between an SW21 active period and an SW22 active
period.

SWecl is active only during a period in which SW11 and
SW12 are non-active. SWc2 is active only during a period in
which SW21 and SW22 are non-active. Here, as mentioned in
embodiment 1, the periods in which SWecl and SWc2 are
active are determined taking a trade-off between the pass gain
characteristic and the characteristic of leakage between the
branches into consideration.

Although the above description has been provided in terms
ofa case where time-division receiver 300A includes residual
charge initializing sections 370-1 and 370-2 in the preceding
and following stages of SCFs 340-1 and 340-2, respectively,
time-division receiver 300A is not limited to this case. Time-
division receiver 300A can provide the effect of reducing
leakage between the branches even if time-division receiver
300A includes either one of the residual charge initializing
sections.

As described above, residual charge initializing section
370-1 is connected to the path between sampler 320-1 and
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SCF 340-1 and also to the path between sampler 320-2 and
SCF 340-2. Residual charge initializing section 370-1 con-
nects the paths during a period in which SWcl is active
(quiescent period). Residual charge initializing section 370-2
is connected to the path between SCF 340-1 and time-division
demultiplexing section 130-1 and also to the path between
SCF 340-2 and time-division demultiplexing section 130-2.
Residual charge initializing section 370-2 connects the paths
during a period in which SWc2 is active (quiescent period).
As described above, residual charge initializing sections
370-1 and 370-2 initialize charges remaining in the parasitic
capacitances, which are generated on the paths through which
respective time-division multiplexed signals pass, when
respective first branch signals have passed through the
respective paths, before respective second branch signals pass
through the respective paths. Consequently, time-division
receiver 300A can reduce leakage between the branches.

FIG. 23 is a block diagram illustrating another configura-
tion of a time-division receiver according to the present
embodiment. In FIG. 23, components that are the same as
those in FIG. 20 are provided with reference numerals that are
the same as those in FIG. 20 and a description thereof will be
omitted. Time-division receiver 300A in FIG. 20 includes
reversed-phase signal generating section 150 in the following
stage of time-division multiplexing section 110. Meanwhile,
time-division receiver 300B in FIG. 23 includes reversed-
phase signal generating sections 150-1 and 150-2 in the pre-
ceding stage of time-division multiplexing sections 110-1
and 110-2. Operations of time-division multiplexing sections
110-1 and 110-2 and reversed-phase signal generating sec-
tions 150-1 and 150-2 are similar to those of time-division
multiplexing section 110 and reversed-phase signal generat-
ing section 150, respectively, and thus a description thereof
will be omitted. Also, operations of TAs 310-1 and 310-2 are
similar to that of TA 310, and thus a description thereof will be
omitted.

In time-division receiver 300B, residual charge initializing
section 370-1 is connected to a path between sampler 320-1
and SCF 340-1 and also to a path between sampler 320-2 and
SCF 340-2. Residual charge initializing section 370-1 con-
nects the paths during a period in which SWcl is active
(quiescent period). Residual charge initializing section 370-2
is connected to a path between SCF 340-1 and time-division
demultiplexing section 130-1 and also to a path between SCF
340-2 and time-division demultiplexing section 130-2.
Residual charge initializing section 370-2 connects the paths
during a period in which SWc2 is active (quiescent period).
As described above, residual charge initializing sections
370-1 and 370-2 initialize charges remaining in respective
parasitic capacitances, which generated on the respective
paths through which respective time-division multiplexed
signals pass, when respective first branch signals have passed
through the respective paths, before respective second branch
signals pass through the respective paths. As a result, time-
division receiver 300B can reduce leakage between the
branches.

FIG. 24 is a block diagram illustrating still another con-
figuration of a time-division receiver according to the present
embodiment in FIG. 24, components that are the same as
those in FIG. 20 are provided with reference numerals that are
the same as those in FIG. 20 and a description thereof will be
omitted. Time-division receiver 300C in FIG. 24 employs a
configuration of time-division receiver 300A in FIG. 20 with
control signal generating circuit 360B provided instead of
control signal generating circuit 360A and with reversed-
phase signal generating section 150 removed.
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As with control signal generating circuit 360A, control
signal generating circuit 360B generates control signals
SW11, SW12,SW21, SW22, SWcl, SWe2 and S0 to S3, and
local signal LO,. Furthermore, control signal generating cir-
cuit 360B generates local signal LO,, obtained by reversing a
phase of local signal LO, and supplies local signal LO,, to
sampler 320-2. Consequently, a reversed-phase baseband sig-
nal is output from sampler 320-2.

FIG. 25 is a block diagram illustrating still another con-
figuration of a time-division receiver according to the present
embodiment. In FIG. 25, components that are the same as
those in FIG. 23 are provided with reference numerals that are
the same as those in FIG. 23 and a description thereof will be
omitted. Time-division receiver 300D in FIG. 25 employs a
configuration of time-division receiver 300B in FIG. 23 with
reversed-phase signal generating sections 150-1 and 150-2 to
removed. Time-division receiver 300D in FIG. 25 provides an
example configuration for a case where normal-phase signals
for first and second branches and reversed-phase signals for
the first and second branches are input, respectively.

FIG. 26 is a block diagram illustrating still another con-
figuration of a time-division receiver according to the present
embodiment. In FIG. 26, components that are the same as
those in FIG. 23 are provided with reference numerals that are
the same as those in FIG. 23 and a description thereof will be
omitted. Time-division receiver 300E in FIG. 26 employs a
configuration of time-division receiver 300B in FIG. 23 with
control signal generating circuit 360B provided instead of
control signal generating circuit 360A and with reversed-
phase signal generating sections 150-1 and 150-2 removed. In
time-division receiver 300E in FIG. 26, control signal gener-
ating circuit 360B supplies local signal LO,, obtained by
reversing a phase of local signal L.O,, to sampler 320-2. Con-
sequently, a reversed-phase baseband signal is output from
sampler 320-2.

Embodiment 4

FIG. 27 is a block diagram illustrating a configuration of a
time-division receiver 500 according to the present embodi-
ment. In FIG. 27, components that are the same as those in
FIG. 20 are provided with reference numerals that are the
same as those in FIG. 20 and a description thereof will be
omitted. Time-division receiver 500 in FIG. 27 includes
residual charge initializing sections 510-1, 510-2, 520-1 and
520-2 instead of residual charge initializing sections 370-1
and 370-2 in time-division receiver 300A in FIG. 20.

Each of residual charge initializing sections 510-1, 510-2,
520-1 and 520-2 employs a configuration similar to that of
residual charge initializing sections 210-1 and 210-2 (see
FIG. 16), and includes switch 161 and charge supply section
211.

In residual charge initializing section 510-1 (510-2),
switch 161 is on during a period in which SWcl is active,
whereby a normal-phase (reversed-phase) circuit and charge
supply section 211 are in a conducting state. Also, in residual
charge initializing section 510-1 (510-2), switch 161 is off
during a period in which SWcl is non-active, whereby the
normal-phase (reversed-phase) circuit and charge supply sec-
tion 211 are in a non-conducting state.

Also, in residual charge initializing section 520-1 (520-2),
switch 161 is on dining a period in which SWc2 is active,
whereby the normal-phase (reversed-phase) circuit and
charge supply section 211 are in a conducting state. Also, in
residual charge initializing section 520-1 (520-2), switch 161
is off during a period in which SWc2 is non-active, whereby
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the normal-phase (reversed-phase) circuit and charge supply
section 211 are in a non-conducting state.

In a conducting state, charge supply section 211 in each of
residual charge initializing sections 510-1, 510-2, 520-1 and
520-2 supplies charge to a parasitic capacitance to bring the
charge in the parasitic capacitance to a reference charge level.
As described above, residual charge initializing section 510-1
(510-2) initializes a residual charge generated on an output
path for sampler 320-1 (320-2). Residual charge initializing
section 520-1 (520-2) initializes a residual charge generated
on an output path for SCF 340-1 (340-2).

As described above, residual charge initializing section
510-1 is connected to a path between sampler 320-1 and SCF
340-1. Residual charge initializing section 510-1 connects
charge supply section 211 and the path during a period in
which SWcl is active (quiescent period). Residual charge
initializing section 520-1 is connected to a path between SCF
340-1 and time-division demultiplexing section 130-1.
Residual charge initializing section 520-1 connects charge
supply section 211 and the path during a period in which
SWc2 is active (quiescent period). Also, residual charge ini-
tializing section 510-2 is connected to a path between sampler
320-2 and SCF 340-2. Residual charge initializing section
510-2 connects charge supply section 211 and the path during
aperiod in which SWel is active (quiescent period). Residual
charge initializing section 520-2 is connected to a path
between SCF 340-2 and a time-division demultiplexing sec-
tion 130-2. Residual charge initializing section 520-2 con-
nects charge supply section 211 and the path during a period
in which SWe2 is active (quiescent period). As described
above, each of residual charge initializing sections 510-1,
510-2, 520-1 and 520-2 initializes a charge remaining in the
respective parasitic capacitance, which is generated on the
respective path through which a respective time-division mul-
tiplexed signal passes, when a respective first branch signal
has passed through the respective path, before a respective
second branch signal passes through the respective path. As a
result, time-division receiver 500 can reduce leakage between
the branches.

Also, in the case where charge supply section 211 is a
voltage source that can stably supply charge, time-division
receiver 500 can mitigate leakage between the branches with
higher precision compared to time-division receiver 300A
according to embodiment 3.

Also, the present embodiment can be applied to non-dif-
ferential systems as well as differential systems. However, in
the case where charge supply section 211 that can stably
supply charge is provided, the present embodiment can pro-
vide higher performance in mitigating leakage between the
branches, compared to embodiment 3, but causes a large
circuit impact.

Embodiment 5

FIG. 28 is a block diagram illustrating a configuration of a
time-division receiver to which the present invention is
applied. In FIG. 28, components that are the same as those in
FIG. 17 are provided with reference numerals that are the
same as those in FIG. 17 and a description thereof will be
omitted. Time-division receiver 600 in FIG. 28 includes
buffer capacitor section 610 instead of buffer capacitor sec-
tion 350 in time-division receiver 300 in FIG. 17.

In FIG. 28 tittle-division receiver 600 includes time-divi-
sion multiplexing section 110, time-division demultiplexing
section 130, TA 310, sampler 320, history capacitor section
330, SCF 340, buffer capacitor section 610 and control signal
generating circuit 360.
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Buffer capacitor section 610 includes Cbs 611 and 612.
Meanwhile, buffer capacitor section 350 includes Cbs 352
and 354 and switches 351 and 353. In other words, buffer
capacitor section 610 has a smaller number of parts compared
to buffer capacitor section 350 because of lack of switches
351 and 353. Therefore, time-division receiver 600 can have
a reduced circuit size compared to time-divisions receiver
300.

Cb 611 is connected to a Cr in SCF 340 during a period in
which SW21 is active. Cb 612 is connected to a Cr in SCF 340
during a period in which SW22 is active. Consequently, in the
present embodiment, IIR filtering is performed for each of
first and second branches.

A configuration of time-division receiver 600 to which the
present invention is applied has been described above.

Next, time-division receiver 600 A according to an embodi-
ment of the present invention will be described.

FIG. 29 is a block diagram illustrating a configuration of a
time-division receiver 600 A according to the present embodi-
ment. In FIG. 29, components that are the same as those in
FIG. 28 are provided with reference numerals that are the
same as those in FIG. 28 and a description thereof will be
omitted.

In FIG. 29, time-division receiver 600A includes time-
division multiplexing section 110, TA 310, samplers 320-1
and 320-2, reversed-phase signal generating section 150, his-
tory capacitor sections 330-1 and 330-2, SCFs 340-1 and
340-2, residual charge initializing sections 370-1 and 370-2,
control signal generating circuit 360A, time-division demul-
tiplexing sections 130-1 and 130-2 and buffer capacitor sec-
tions 610-1 and 610-2. Here, a configuration and an operation
of each of buffer capacitor sections 610-1 and 610-2 are
similar to those of buffer capacitor section 610, and a descrip-
tion thereof will be omitted.

Here, differences between time-division receiver 300A in
FIG. 20 and time-division receiver 600A in FIG. 29 will be
described.

In time-division receiver 300A, during a period in which
SW21 and SW22 is non-active (that is a period in which
SWc2 is active), no signals are output to output terminals 131
and 132 (zero padding). Therefore, in time-division receiver
300A, there is a period in which output terminal 131 and
output terminal 132 output no signals at all. As a result, an
aliasing signal generated in a cycle corresponding to a branch
switching rate is output from time-division receiver 300A.

In time-division receiver 600A, during a period in which
SW21 and SW22 is non-active (that is, a period in which
SWc2 is active), no signals are output to output terminals 131
and 132 as in time-division receiver 300A. However, Chs 611
and 612 connected to output terminals 131 and 132 retain
immediately previous baseband signals for first and second
branches, respectively. Therefore, in time-division receiver
600A, even during a period in which SW21 and SW22 is
non-active (that is, a period in which SWc2 is active), signals
are output from buffer capacitor sections 610-1 and 610-2. As
a result, time-division receiver 600A can suppress aliasing
signals.

FIG. 30 includes diagrams each illustrating spectra of a
desired signal and an aliasing signal. FIG. 30A is a diagram
illustrating spectra of'a desired signal and an aliasing signal in
time-division receiver 300A. FIG. 30B is a diagram illustrat-
ing spectra of a desired signal and an aliasing signal in time-
division receiver 600A. As can be seen from FIGS. 30A and
30B time-division receiver 600A provides a smaller aliasing
signal spectrum with reference to a desired signal spectrum
compared to time-division receiver 300A.
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This is because Cbs 611 and 612 in buffer capacitor sec-
tions 610-1 and 610-2 provided in the following stage of
time-division demultiplexing sections 130-1 and 130-2 retain
immediately previous branch signal components during a
period in which neither first branch signal nor second branch
signal is input.

With the configuration described above, in a Ch connected
to a branch for which no signal is output from time-division
demultiplexing section 130-1 (130-2), from among Cbs 611
and 612, a charge of immediately previous signal components
is retained. Consequently, an output voltage from each of
buffer capacitor sections 610-1 and 610-2 becomes equal to
that of a state in which the immediately previous signal com-
ponents have passed. As a result, time-division receiver 600A
can suppress aliasing signals contained in an output signal,
compared to time-division receiver 300A. Therefore, time-
division receiver 600A enables mitigation of required char-
acteristics of filters that are necessary to be provided in the
following stage of time-division receiver 600A for aliasing
signal removal.

As described above, residual charge initializing section
370-1 is connected to a path between sampler 320-1 and SCF
340-1 and also to a path between sampler 320-2 and SCF
340-2. Residual charge initializing section 370-1 connects the
paths during a period in which SWcl is active (quiescent
period). Residual charge initializing section 370-2 is con-
nected to a path between SCF 340-1 and time-division demul-
tiplexing section 130-1 and also to a path between SCF 340-2
and time-division demultiplexing section 130-2. Residual
charge initializing section 370-2 connects the paths during a
period in which SWc2 is active (quiescent period). As
described above, residual charge initializing sections 370-1
and 370-2 initialize charges remaining respective parasitic
capacitances, which are generated on respective paths
through which respective time-division multiplexed signals
pass, when respective first branch signals have passed
through the respective paths, before respective second branch
signals pass through the respective paths. As a result, time-
division receiver 600A can reduce leakage between the
branches.

FIG. 31 is a block diagram illustrating another configura-
tion of a time-division receiver according to the present
embodiment in FIG. 31, time-division receiver 600B includes
reversed-phase signal generating sections 150-1 and 150-2,
time-division multiplexing sections 110-1 and 110-2, TAs
310-1and 310-2, samplers 320-1 and 320-2, history capacitor
sections 330-1 and 330-2, SCFs 340-1 and 340-2, residual
charge initializing sections 370-1 and 370-2, control signal
generating circuit 360A, time-division demultiplexing sec-
tions 130-1 and 130-2, and buffer capacitor sections 610-1
and 610-2.

In time-division receiver 600B, residual charge initializing
section 370-1 is connected to a path between sampler 320-1
and SCF 340-1 and also to a path between sampler 320-2 and
SCF 340-2. Residual charge initializing section 370-1 con-
nects the paths during a period in which SWcl is active
(quiescent period). Residual charge initializing section 370-2
is connected to a path between SCF 340-1 and time-division
demultiplexing section 130-1 and also to a path between SCF
340-2 and time-division demultiplexing section 130-2.

Residual charge initializing section 370-2 connects the
paths in during a period in which SWc2 is active (quiescent
period). As described above, residual charge initializing sec-
tions 370-1 and 370-2 initialize charges remaining in respec-
tive parasitic capacitances, which are generated on respective
paths through which respective time-division multiplexed
signals pass when respective first branch signals have passed
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through the respective paths before respective second branch
signals pass through the respective paths. As a result, time-
division receiver 600B can reduce leakage between the
branches.

FIG. 32 is a block diagram illustrating still another con-
figuration of a time-division receiver according to the present
embodiment. In FIG. 32, components that are the same as
those in FIG. 29 are provided with reference numerals that are
the same as those in FIG. 29 and a description thereof will be
omitted. Time-division receiver 600C in FIG. 32 employs a
configuration of time-division receiver 600A in FIG. 29 with
control signal generating circuit 360B provided instead of
control signal generating circuit 360A and with reversed-
phase signal generating section 150 removed. In time-divi-
sion receiver 600C in FIG. 32, control signal generating cir-
cuit 360B supplies local signal LO,, obtained by reversing a
phase of local signal. LO,, to sampler 320-2. Consequently, a
reversed-phase baseband signal is output from sampler 320-
2.

FIG. 33 is a block diagram illustrating still another con-
figuration of a time-division receiver according to the present
embodiment. In FIG. 33, components that are the same as
those in FIG. 31 are provided with reference numerals that are
the same as those in FIG. 31 and a description thereof will be
omitted. Time-division receiver 600B in FIG. 33 employs a
configuration of time-division receiver 600B in FIG. 31 with
reversed-phase signal generating sections 150-1 and 150-2 is
removed. Time-division receiver 600D in FIG. 33 provides an
example configuration where normal-phase signals for first
and second branches and reversed-phase signal for first and
second branches are input, respectively.

FIG. 34 is a block diagram illustrating still another con-
figuration of a time-division receiver according to the present
embodiment. In FIG. 34, components that are the same as
those in FIG. 31 are provided, with reference numerals that
are the same as those in FIG. 31 and a description thereof will
be omitted. Time-division receiver 600E in FIG. 34 employs
a configuration of time-division receiver 600B in FIG. 31
with control signal generating circuit 360B provided instead
of control signal generating circuit 360A and with reversed-
phase signal generating sections 150-1 and 150-2 removed. In
time-division receiver 600E in FIG. 34, control signal gener-
ating circuit 360B supplies local signal L.O,, obtained by
reversing a phase of local signal L.O,, to sampler 320-2. Con-
sequently, reversed-phase baseband signal is output from
sampler 320-2.

FIG. 35 is a block diagram illustrating still another con-
figuration of a time-division receiver according to the present
embodiment in FIG. 35, time-division receiver 600F includes
time-division multiplexing section 110, TA 310, samplers
320-1 and 320-2, reversed-phase signal generating section
150, history capacitor sections 330-1 and 330-2. SCFs 340-1
and 340-2, residual charge initializing sections 510-1, 510-2,
520-1 and 520-2, control signal generating circuit 360A,
time-division demultiplexing sections 130-1 and 130-2, and
buffer capacitor sections 610-1 and 610-2.

In time-division receiver 600F, residual charge initializing
section 510-1 is connected to a path between sampler 320-1
and SCF 340-1. Residual charge initializing section 510-1
connects charge supply section 211 and the path during a
period in which SWcl is active (quiescent period). Residual
charge initializing section 520-1 is connected to a path
between SCF 340-1 and time-division section 130-1.
Residual charge initializing section 520-1 connects charge
supply section 211 and the path during a period in which
SWc2 is active (quiescent period). Residual charge initializ-
ing section 510-2 is connected to a path between sampler
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320-2 and SCF 340-2. Residual charge initializing section
510-2 connects charge supply section 211 and the path during
aperiod in which SWel is active (quiescent period). Residual
charge initializing section 520-2 is connected to a path
between SCF 340-2 and time-division section 130-2.
Residual charge initializing section 520-2 connects charge
supply section 211 and the path during a period in which
SWc2 is active (quiescent period). As described above,
residual charge initializing sections 510-1, 510-2, 520-1 and
520-2 initialize charges remaining in respective parasitic
capacitances, which are generated on the respective paths
through which respective time-division multiplexed signals
pass, when respective first branch signals have passed
through the respective paths, before respective second branch
signals pass through the paths. As a result, time-division
receiver 600F can reduce leakage between the branches.

As intime-division receiver 600A, in time-division receiv-
ers 6008, 600C, 600D, 600E and 600F, bufter capacitor sec-
tions 610-1 and 610-2 are provided in the following stage of
time-division demultiplexing sections 130-1 and 130-2,
respectively. Therefore, time-division receiver 600C can
mitigate required characteristics of filters in the following
stage thereof.

The respective embodiments have been described above.

The above description, has been provided taking a case
where the branch count is two as an example, but the branch
count is not limited to two. The present invention can also be
applied to a case where streams with a branch count of three
or more are time-division multiplexed. FIG. 36 is a diagram
illustrating an example of respective control signals where the
branch count is three. Also in the case where the branch count
is three, it is only necessary that a time-division multiplexing
section generates a time-division multiplexed signal includ-
ing quiescent period between the respective branches and a
residual charge initializing section initializes a residual
charge during the quiescent period.

The entire disclosure of the description, the drawings and
the abstract included in Japanese Patent Application No.
2010-292716 filed on Dec. 28,2010 is incorporated herein by
reference.

INDUSTRIAL APPLICABILITY

A time-division receiver and a time-division receiving
method according to the present invention are useful for e.g.,
a receiver in a MIMO system requiring simultaneous recep-
tion of radio-frequency signals for a plurality of branches.

REFERENCE SIGNS LIST

100,100A,100B,100C, 100D, 100E, 200, 300, 300A, 3008,
300C, 300D, 300E, 500, 600, 600A, 600B, 600C, 600D,
600E, 600F Time-division receiver

110, 110-1, 110-2 Time-division multiplexing section

111, 112 Input terminal

120, 120-1, 120-2 Mixer

130, 130-1, 130-2 Time-division demultiplexing section

131, 132 Output terminal

140,140A,140B,360,360A, 360B Control signal generating
circuit

150, 150-1, 150-2 Reversed-phase signal generating section

160, 210-1, 210-2, 370-1, 370-2, 510-1, 510-2, 520-1, 520-2
Residual charge initializing section

161, 331, 333, 351, 353, 410, 412, 413, 414, 420, 422, 423,
424, 430, 432, 433, 434, 440, 442, 443, 444 Switch

170-1, 170-2, 180-1, 180-2, 390-1, 390-2, 390-3, 390-4
Time-division shared signal line
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190-1, 190-2, 380-1, 380-2, 380-3, 380-4 Parasitic capaci-
tance

211 charge supply section

310, 310-1, 310-2 TA

320, 320-1, 320-2 Sampler

330, 330-1, 330-2 History capacitor section

340, 340-1, 340-2 SCF

350, 350-1,350-2,510-1, 510-2, 610-1, 610-2 Buffer capaci-
tor section

332,334 Ch

352, 354, 611, 612 Cb

411, 421, 431,441 Cr

The invention claimed is:

1. A time-division receiver comprising:

a mixer that down-converts a time-division multiplexed
signal resulting from a plurality of branch signals being
time-division multiplexed;

a demultiplexer that demultiplexes the time-division mul-
tiplexed signal down-converted by the mixer, into
respective branch signals; and

an initializer that initializes a charge remaining in a para-
sitic capacitance, the parasitic capacitance being gener-
ated on a path between the mixer and the demultiplexer,
when a first branch signal has passed through the path,
before a second branch signal passes through the path.

2. The time-division receiver according to claim 1, further
comprising a generator that generates the time-division mul-
tiplexed signal including a quiescent period between the first
branch signal and the second branch signal,

wherein the initializer initializes the charge in the quies-
cent period.

3. The time-division receiver according to claim 1, wherein
the quiescent period is determined based on a pass gain char-
acteristic and a reception characteristic for the first branch
signal or the second branch signal.

4. The time-division receiver according to claim 2,
wherein:

the mixer includes a first mixer that processes a normal-
phase signal in a differential system and a second mixer
that processes a reversed-phase signal in the differential
system; and

the initializer includes a switch that connects an output
path for the first mixer and an output path for the second
mixer in the quiescent period.

5. The time-division receiver according to claim 2, wherein
the initializer includes a voltage source, and a switch that
connects the voltage source and an output path for the mixer
in the quiescent period.

6. The time-division receiver according to claim 1,
wherein:

the mixer is a direct sampling mixer including a sampler
and a switched capacitor filter; and

the initializer initializes a charge remaining in a parasitic
capacitance, the parasitic capacitance being generated
on at least one of a path between the sampler and the
switched capacitor filter and a path between the
switched capacitor filter and the demultiplexer, when the
first branch signal has passed through the path, before
the second branch signal passes through the path.

7. A time-division receiving method comprising:

down-converting a time-division multiplexed signal result-
ing from a plurality of branch signals being time-divi-
sion multiplexed;

demultiplexing the time-division multiplexed signal that
has been down-converted into respective branch signals;
and
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initializing a charge remaining in a parasitic capacitance,
the parasitic capacitance being generated on a path
through which the down-converted time-division multi-
plexed signal passes, when a first branch signal has
passed through the path, before a second branch signal 5
passes through the path.
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